GOVEtSMENT OF INDIA 


DEPARTMENT OF ARCHAEOLOGY 


CENTRAL ARCHAEOLOGICAL 
LIBRARY 
























BIOLOGY OF THK VERTEBR4TES 


the MArUlUAK COMrAMT 

mm. * titium 

utt * J.Ti.jUtTA » «g|>T PXlNCXn 
t4>txlmr r v4)t|iJ 

the HACMn^^N LtlMJ'AKV 
OF tANADA. LtUrTRO 

TOHICTO 







THE SPIRIT OF COMPARATIVE ANATOMY 

?f«m M tro^f M ikt Amttiean Mwtrum of Jtoimrai Hiilotf m Htw T«tk Citf, 

by prrmUtion^ 



BIOLOGY OF THE 

VERTEBRATES 


A COMPARATIVE STUDY 
OF MAN AND HIS ANIMAL ALUES 


27767 BY 


Herbert E. Walter 


LATE PROFESSOR OF IUOIjOGV 
BHjOWN ONIVZHSITY 

AND 

Leonard P. Sa)dcs, 

’ PROFESSOR OF filOIOGY,. r « 


the CJTV CdLlEGE OF KEW "iOlUt 


TH 1 R D EDITION 



'A : I ' 5 


NEW YORK 


THE MACMILLAN COMPANY 




Vihiivia fYif Company. 

All irt|;^kt» iip*iiirTedno- p;iari d-l tfai* anay be rebtuiiij^etl :bl 
f^iL H-ttlu3ui prnELhqLi^ u eriliiu; finiii |iiiipi> J Mu w^ 
by m rwHvif wli4 irliheq In quote brie! ni eanaevtlaii 

ifkik trvww mriitlm fiir kwFkismni lo ijJ“ numiretHT. 

ftrnra u tku triertsa ctxtq j.HFefi;i 

iflPffmi <nli.rii^M« j}upifwj^ 4 ^ lira, w* by Tht Mfi^miTZinij tVinepgeff, 


Fouilil Pr inritiy ^ 



CINTR^^ AHC 
arv, a 




Prgace 


textbook is an attempi to establish a happ>' i^UiiDtiahip between 
teacher and pupil. Of the trinity of tejtt, teacher^ and pupils the pupil is 
wititnui doubt the tnofit important, but even after the teacher h iabeleil 
'emeritusj’ and dircci classroom contact with the pupil a thing of the past, 
there still remains a passible missiou for the ofd textbook to accomplLdt^ 
“Hence this Indian ^mnier revision, after many years of trying to teh 
the fasemating story of vertebrate life to tnoter or less attentive students. Jt 
ha^ been fun 

*rhcsc words, jotted down for pfjwihle use in the preface to a third edi' 
don of this book^ were the last to come from the hand of Prpfrssor Waher, 
The fuH which he had in icachiiig hU classes and in preparing the first two 
editions of this text, the humor wliich he wove into this fabijq have made 
the study of Comparative Anatomy' more interring- to thou^aiids of us. 

For the oppoitunity to asumc the responsibility for the future of the 
Biology of fh^ VertfhrottSj J am indebted to Mr5. Walter* who has done 
cvcrvihing within her power to make the prcpaiadon of this third edition 
the enjoyable undertaking which it lias becn^ ‘ ^ 

In the present edition major portions <if the chapim on vertebrate types, 
cinhr>ology\ skeleton, nervous system, and sense organs have rewritten, 
while Icis extenidve changes have been made in mher sixdons. 1 hope tiiar in 
so doing I have still rctaltied something of the flavor of prev'ious editions. 

Through the gctierous cooperation of The ^farmilhn Company, pub¬ 
lishers, it has been possible to use new' copy for over four hundred iUtistra- 
lions, ?^me of wliich air redrawing^ of figures previously used, tint many of 
which are new to the text. About half of this new illustrative material wa5 
prepared by Dr. Margaret Esther FoiKRtr. Of ihc remainder many were 
drawn by Dr. C. J. Hylander. A number of jlliistrationis were borrowed 
from a variety of sources. In thui mtinection I wish to expre?® my apprteb- 
lion to The Blakiston Company, Henry Holt and Company* Houghton 
Mifflin Company, W. B. Saimdci^ Company, and The \V21iania and Wilkins 
Company^ as web as The Macmillan Company, far thrir permmiDiis to use 


Vi 




from book? for which they hold the copmghts, as duJy noted 
where\'er such iDuatratlons appear in the text. 

In the preparatlDn of this edition I have been greatly aided by the advice 
and assistaitcc given me by many who have used the earlier editiom in their 
coiiiafs, or who, for other reasons, have read them cridrally. While It is not 
pnstible to enumerate all who have been helpful, I should like to make special 
Qtentiun cd several of my colleagues in the Department of Biology at ITie 
City Ctdlege to whom I am especially Indebted, namely; Professors H. Her¬ 
bert Johnson, Percy L. Bailey, Jr., Raymond W, Root, James I. Kendall. 
Herman T. Spicth, and Donald W. Farquhar, But my greatest indebtedness 
is to the llhrariatii! a I the American Museum of Natural History who expe- 
di ted my work by their chrerful and efficient help in my scorch for references. 
TTgardlcss of the diflicullJcs involved. 


Florai Park, F* 


L.P.S. 
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I. TYPE STEADY 

No one ktiov*^ how many different kinds of animals there are living 
today. 'When Aiistotlr {3&4-322 u.c.) wrote the Drat Uutojy of Anitnals he 
succeeded in rounding up onl)' about 500 species in spile of die fact that 
Alcxatider the Great, his famous pupil, gave special instmetions to his cot- 
quering armies to aid in collecting from the ends of tlie earth inforniation 
about foreign animals which his old master so eagerly tlcsircd. 

Since Aristotle’s day esploreis have stretched the horiaon that then shut 
in the Mediterranean world, until now even Darkest Africa has been 
entirely crieas-crossed, both poles have been trampled upon, and no cotisider- 
ablc comer of the globe anywhere, on land or sea. fe left from which 
authentic tales of animal life have not been brought liack. 

According to recent esttmaies upwards of 1,000,1)00 species of living 
animaU arc known to science. Of these probably 65,000 arc chordatea. In 
addition there are fossil remains of many more esttmet aiiimals that have no 
living reprcsentativ-cs As long ago as 1890, according to Ward, the manu¬ 
script catalogue of known pl^ts at the Kew Gardena weighed over a ton. 
The inquirer who would be informed about the different kinds of living 
things might weli be appaffetl ai the prospect of passing in review within a 
single lifetime of study even a tithe of this wealth of anlma! and plant life. 

John Malpet, wiio in 1567 wrote one of the first “natural histories’’ in 
the English language, started his treatise with the hopeful sentence “Let ui 
begin alphabedcaUy with the adder ” There b an easier way out of the 
situation, howev-er, than by John Malpct’s alphabetical method, Ev'cn 
Aristotle recognized in the make-up of animals a amity of plan by which they 
could be placed in natural groups so that acquaintance with a singlr 
representative of a group would gi« a coit'iderable ivorking knowledge of 
all other kintb within that particular group. Familiarity with the mechanism 
and behavior of a house cat, for example, gives one a good idea of all other 
kinds of eats, such as lions, tigers, l>'nxes, leopards, ocebtt. jaguars, wildeats, 

h 
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pumas, cheetahs, and panthers. In fact much of the fascination that goes 
with the study of biology lies in recognizing resemblancea and diffeiences 
belwcm various sons ul plants and animals. 

Although tlie nuinbtT of kinds of plants and animals is very great, the 
dilTerent general types or plais of structure are relatively few, so that the 
student, by u.sing the type~iittdy met had cl sampling, may set out confidently 
and with a bra^t heart upon the ambitious quest of uitellectually eoliqucr- 
mg nil iTfaticuL 

Limiting the survey solely to animal life, a JUt of the chief types of 
animab comprises; protozoa, coEneNTEKAXA, platyhelmintiies, kkma . 

TlIELMJNTUJr.H, AHTIIEOPDDA^ MOLLUSCA, tCHINQDEaMATAj 

ilHORUATA. 

IL COMPARATn E STUDY 

Of all ajLimal types the ch&Filat^ type is of most immediate int^rcsti 
.^ncc it iuciludcs mm. Many of ibr. riildlcs cDimcfted mth that much studied 
animal Fmd their solution in the lower forms^ 

For Lnstaiicc, the paritinl body, a conical projection about liic ^s&e of a 
cherry stone^ is buried between the lobes of the human brain. Ii^ origin and 

use baffted anatomists for centuries 
until Baldwin Spencer in IflBG db- 
^cted a New Zealand lizard^ Sphena* 
don (Fig. 1), by some called a *ii™g 

Fig. 1, A primitive Nrw Zciland liz- discovcfcd that in the ciior* 

urdn Sphfnmi&jt, (Alter Berg,) date type, the ‘'parietal body ” or a 

part ariring from it, is aimply a de- 
generate median eye since in ihis curious primitive reptile U rcacjics^ wit!' 
tetina and nerve complete, all the way to a transparcnl window in the rtjof 
of the sJtnll and, in early life at least, may fimction its a third eye. 

It is tnliiely true that often more may be leatned of human devdopment 
and structure by tiic inldljgcm examination of a dogftHhr at Aomc other 
lowly vertehratCj than by the direct study of the human bfjdy itself. This 
is due not so much to the greater availability of lower animals for dissec¬ 
tion and experiinentationf as n> the fact that they fumeib sidelight stagey 
through wiikh the human body has passed in arriving at its present dei^ec 
of complexity^ and thus give a due for interpreting the why and wherefore 
of the '^fearfully and wonderfully made” human methanism. Herein lies 
the value of the study tif comp^f^uive bwtogy* 

Tlie indirect path has thus been oftm the shortrst cut to unexpected 
attainment in the history' of science, Inqukithr! Ben Franklin, out in the 
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thuiidcr^lonu with his key and kite, took the firet step towards harnessing 
electricity; the Ftcnchinan Oai^Tjerre, trying to ilwcos'cr some way to clean 
taiTushed silver, blazed a path which has become a broad highway in 
photography and the colossal motion ^picture industry; Alexander Graham 
Bell, attempting to aid the deaf to hear, Jed to the invention of the tele¬ 
phone ; Joseph Cushman, with insatiable curiosity about the variety of forms 
of micrtKcopic shelled protoiioans, hit upon a way to tell those who bore for 
oil when they were on the right track; while Pasteur, a thinking chemist 
interested primarily in the apparmtly remote subject of the shape of crystals, 
laid firm foundations for the far-reaching devdopmenta of bacteriology and 
Ttiodem medicine. 

When such facts as these ate recalled, nothing about the stracture or 
activities ol any animal, hfiwevcr familiar or strange becomes msignificaiK 
or tririai iti the seeker alter trath conceming man. 

II!. ESSENTIAL FEATL'RES OF EVERY AXIMAL TYPE 

Every form of life, whether plant or animal, must posses machinery of 
some sort for accomplishing two fimdamental processes, namely, mciab^ 
llsm and reproduction. 

M€tai!Qlixtn includes all activities that concern the irpkcep of the indi¬ 
vidual, such as the intake of energy by way 
dl food, ils release in the form of action which, 
constitutes *‘Ii\ing," and the disposal of waste 
products incident thereto. 

Rgpfaduciion provides for the continu¬ 
ation of the species upon the earth, often at 
the cost of the individual life. 

The former function may he designated 
as selfish and egoistic, the latter as unsdfidi 
and altruistic. 

A typical insect, for example, is made up 
of three easily diatlnguUhahic regions, in 
order of relative importance, the abdomen, 
ihorax, and head (Fig- 2). la the large ab- 
dofntn is lodged the principal machinery for 
meiabolum and reproduetjon, that is, most of the digratne apparatus, the res¬ 
piratory, excretory, and circulatory machinery, and the reproductive organs. 

The Ihorax is devoted primarily to bcomotion, furnished as it is with 
three pai» of legs and usually with two pains of wings together with the 
muscles necessary to work them, and is thus enabled to transport the 



Fig. 2, A lypkiil Jiuect, shftw- 
in| the ehdomen. all tmportaiil 
ju the ehief regiim al metidvlian 

imd rfpTwiiictifm, the InKimiUnr 
And tlic dbiei:th‘r head. 




6 


Biology o/ the Vertebrates 

imponant abdntttrn to plates where it can scituhly procure cncrgy-pmeluc- 
ing food and Linsdn^hly pm\idc for the next generation. Finallv, there b 
the hetui, with its baticrj' of direttiv'c sense organs and a cDutroUiiig braili, 
which teUs tlie thorax and abdoinen where to go and what to do upon 
arrival. Many animals get afrmg cuitifortably without a htrad or locotuotor 
devices, but none can dispense with the albimportant abdomen or some- 
thing corresponding to it Even in man that crowning gJnry, the head, 
which he is quite apt to regard as important, as well as the locomotor 
legs, liecornes quite subsidiarj' when lire trunk, that corrcspomi.'s to the 
insect's abdomen, sends out die imperious call of hunger or of sex. 

The function of mctaholism is usually accomplished in a different way 
by animals than it is in plants, with the result that most plants renuiit Ma- 
donan-, while most animab move about. The reason for this difference lies 
in the fact that green plants possess the power, in the prcsicnce of sunlight, 
of building up their foods out of univeraaiiy distributed materials, such as 
carlmn diojtidc in the sur, water, and varioiBi inorganic compounds in the 
floil. No animal can do this, so it cumes about that all animals must find 
their energy, cither directly or indireedy. in the stored supply already 
captured by green plants from the sun. This h why most animals are forever 
fated, like the NViuidcring Jew, to be travders, a condition which ncccssi^ 
talcs in animal types sonic adequate device for locutnotiou, and consequently 
an accompanying directive sensory equipment. The fact that certain anim^ lc 
like oysters and corals are sedentary is the cicccption to the rule* “Their 
strength is to sit still.” Even in the case of ffiese animals the indirect dcpriid- 
cnce on green plants is quite as complete as among locomotor fonns, since 
they feed upon niicrascopir green plants that form die floating meadows of 
the ocean, and in consequence have developed secondary devices for bring¬ 
ing this floatiDg food to them. Most aniraab digesi their food in an 
canal, which begins in a month near the tmtciior end of the 
body and terminates posteriorly in an an (it. 

r\'. syxi\fFmiv 

Tile science of the form and shape of organisms is called Morffholojiy. a 
term caiiicd by the many-sided Gocihe in 1817. ft is closely related to the 
mathrmatical science of Solid Geometry^ with the differenee that the mathe¬ 
matician has little aceasinn to inquire why one figure h a cube and another 
a fiphere except to determine the relation of the different dimeiiEioiis to 
each other, while the biologist is coostantly being challenged to explain why 
each organism Ls shaped a.<i it is, in relation to the particular life that ii 
leads. Moreover, the shapes and forms with which the geometrician dpak 
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axe arbitrary creatiDos of iJae humaxi mind^ not particularly related to the 
enviroiiiticnt, having no modifying past and no fonAard look to a future 
in whkli inodificadom may take pLaee* The forms of ardmals and plani^ 
which a biologist considers are the products of an actual historical sequence 
that has Lakcn pLacci, of ancestral shapes that in SUiiLCSskin all left their 
dctermlnirig Impress, 

Tbenc are no animals with less than three dimensions, although some of 
the lower forms are small and thiti as to nercsjdtate very^ delicate ini^tru- 
nirnt?! to determine their length., bfeadth, and thickness, 

I'hftc rmidamenlal shapes and forms arc recognized and, as a rcsiiUp 
three general types of synunelry, namely^ spherical, radial, and bilateral. 
Each of these typejs may be camouflaged in various way's by secondary 
n^odifyiDg quniiiicatkms. 

Spherical s^^mmetry in organisms h rare. It is to be found only among 
microecrpic anitnah, .such as the Hcliozoa, or “?iun animakiiJcs" of the 
protozoan type which float withotil contact with anything solids sutrounded 
by water on all sides. Many floating aiiimab, on the other hand, become 
attached^ during a part of thdr life at least; and lead a aerdentary planltike 
existence. Such anchored animok are usually headless^ and frequentJy 
develop a croivn of radiating arms or tentacSs that enable them to reach 
oin iti every- dijwtion to otplaTr ai^ far as possible their iimnediate tirighhor- 
hood. Thb headless plan h the tadt^ Syf/e cf symm^iry, which in general is 
characteristic of trees and other stationary plants* ae well as of attached or 
sessile animals, whose food is brought to them floating in water^ In all of 
these organ inns the body possess polarity* being organized along a tongi- 
tudirta] axis w ith an attached end and a free eni 

On laiid^ where food does not fli:3at in a transparting mediiim, animais 
ha\e to travel to obtain it when they arc hungry* This has made ticccmry 
a direct!\T head. Although a bead cod is characteristk of certain water 
animals such as fkhea* it beeomea an absolute nccessm^ for locximotor land 
animals. Wheue\Tr an animal inove$ persistently in one direction with refer¬ 
ence to its own body* in other words whenever a true head end is estab- 
lifshedy bilaic^al symmetry results, and a stagnant life of watchful waiting 
ceases. With the appearance of this type of symmetry' animals usually 
dev elop the habit of keeping one particular side of the body cither in contact 
with the substrate or facing dow'ow'ards. This undersurface Is the venirtii 
side of the while the upper surface » the dorsal side. The body 

presenting this type of aymmetrv' may be divided into halves by nicans of 
three planes which can be arranged with reference to length, breadth, and 
thickness. 
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In radial sjinmetry, on the other hand, the number of planes dividing 
ihc animal into dmilar halvca is practically infioite, like the number cl 
ways in which a cylinder may be split lengthwise into two equal pans. 



The three planes (Fig. 3) bisecting length, breadth, and thickness 
divide any bilaterally symmetrical animal into definite regions, very useful 
as landmarks in description, ns follows: 

Sa^tal ptane dividing the body into right and left halves, mirror imagrs 
of one another; 

IrannvTse ptaat dividing the body into anterior and pottenor halves; 

Frontai /tfone dividing the body into doridf and ventral liaises. 

The sagittal and frontal planes are so named because of cenam sutures 
in the human skull with which they coincide. It is obvious that upright 
man tnos-cs forward with the wntial body-half in front, instead of the 
anterior body-half, because he a a bilaictally symmetrical animal tipped 
up on end. 

Although the comparative anatomist uses the above (enra, the student of 
human anatomy sometimes uses a diffcient set. The head-end may be 
known as the ruprnor portion in man, while the lower part of the body is 
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the inferior portion. The tentne anterior &nd poslenor arc then used as the 
synonyme of "vciitraJ’* and “doisal/' rcspccthidy, of comparative anatomy. 

V- METAMERISM 

The body of an aimelid u'onn, an arthropod, or an embryonic chordatc 
coruists, in basicr plan, of a series of similar, repeated divisions (melameres 
or arranged one behind the other. An adult annelid (c,g., 

/ieffis) very closely approximaics this basic plan, with the the metameres 
clearly marked off externally. Each iriCtameie, except the hist and last, 
pcesesses a pair of appendages. Internally, at the level of each exlenial 
constriction, there is found a cross-partition (re;fr/um). Other internal 
structures, such as nephridia, tend to be repealed in each metamero. Chord- 
ates, hotvexxr, nrt’cr haw external constrictions, although mtist of them 
exhibit intenial scgmcnlalion of a number of embryonic organs, for exam¬ 
ple, the skeletal mnsclcs. The skeleton and the nervous system show 
a rnodifted metameric organuation. 

VL COELOM 

The chordates, in common with annelids, echinotknns, and some other 
invertebrate phyla, possess a coelom [the so-called true body cavity), lined 
with mesodermal tissue and lying between the digestiw trJii;t and the tiody 
wall. Thus great freedom is permitted for the dewlnpnient and activity of 
ctnbry'onlc organs os well as for the movement of such adult parts as the 
heart, stomacli and intestine. 

VIL CHORDATE CIL\RACTERISTICS 

The backboned animals {Verlebraia), together with a few clondy 
related animals which do not possess a backbone, are ordinarily included in 
the Phylum Chordata. In the preceding scetiuns certain chordatc featiiiea, 
also commonly posstsacd by members of other animal phyla, haw been 
considered. These primitive chaTacierr of chordates indude: fl) neproduc- 
livc glands; (2) alimentary canal; (3) polarity; (4) bilateral symmetry; 
(5) metamerism; and (G) codom, 

Chordates also possess certain other features, which distinguish them 
from all other animals. The chief diagnostic charactsn of chordates arc the 
f olbwing: 

I, Ntitochonl 

During the embryonic development of every chordatc there appear# a 
supporting rod, the notochord, which iies immediately doisal to the digestiw 
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tract, in aomc chordatcs tliis stnictunE persists throughoitt lift; in othcTE it is 
partially or completely replaced by a skull aii<l a '"backbone” made up of 
separate Imny elements, or vrjiehrat* Lbe name “vertebrate" indicates. 
EssciitiaJiy tlie notorhortl cumists cif a tough connecti™ dssite 3hc*iih in 
which soft cells arc packed so tightly that the whole stnaciiire posisesscs a 
certain tiirgory somcwhiit like that when sausage meat is crowded into a 
rasing (Fig. 1)S)* 

2. Dfjraal, lioUuw, CentraJ Nervou* System 

The chorda te nervous system develop^: on 
die dojsid side of the body by a process known 
as invagination tFig. 4) ^ In this stnicturt^ e\^i 
m adnit animiilii tlicrc is 0 iiavity wliicb is con*^ 
tinuous from near the anterior cmi of the brain 
to the posterior end ol the nen-e cord, 'rhe cen¬ 
tral nervous sj'stcm of no n-chor dates, on the 
other hand, is foumed on the vcntial side of the 
body and is solid. In tlic vertebrate members of 
die churdate phylunt, die anterior end of the 
central nervous syFtem is much enlarged into a 
brain with which tiicrcarc associated tlirec pmra 
of major sense orgaiiB; olfactory (nosci ; optic 
(eyes}; and otic (eani), 

I^aryngeal Breathing Device 

Fishes have sivcral portholc-hie passage-ways^ or gill sUts* penetrating 
ditough the Literal walls, of the food tube cm either side of its anterior cjiiL 
Within ihrsr gill slits in w'atcr-dwelling chordaics hang leathery tofts of 
capillaricsv or which rob the eircubting water of some of its dissolved 
air, thus accomplishing the function of breathing. 

GiU slits, OF traces of ihttn, anr present, at Icaal in embryonic life, in aU 
chordales, w hrthcr dwelling in water or niil of it, and r^ cn in reptiles, birds, 
or mainmals which never breathe by means of giik Whenever breathing is 
accr>mpllshed by lungs, such organs dotrlcrp its ^ide alleys from \hh same 
anterior phaiymgeal rcgicm of the ftJod tulie where the jgills originate. No 
non-chordate breathes in this way, although many tinds of animals employ 
“gills” of various sorts, Phurynged giU^ and gili jfiVr, or traces of them, are 
peculiar to rhordates* 

lliese first three chordatc ehantcteristics are present at some time during 
the life of cver^- in dividual of the chordate phylum. 



A B 

Fig. 4. Sijrceidve itagn in 
ihc rriifraiion ol tmijjde 
nuei to ihe LiiEkk. A, by In- 
vugiimuon; h, by dclainiiia* 
tion. 
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4. Ventral Heart 

The heart, which is ihc headquarters cf the circulatoiy system, is 
venLrahy located in chiinlates. In other aLtilmals, when a heart is present, it 
is on the liooiai side of the IxKly. 

5. Closed Blood System 

In chordates the blood couises ihiough a cr^titinnous system of tubes 
from heart, to arteiira, to capUlaries in the various lissuEa, to veins, and bar It 
to the heart agiaitL Meet iion-chortialcs, on the other liand, have an open 
blood system, Lhai is, one hi which the blood may pass freely hack and 
forth between the blood vessels and snrrounding^ spaces or sinuses. The con¬ 
trast is rcmoldy like that between the water-works of a modem dty with 
w ater and sewaqe conhued to pipes and mains, and the open ponds and 
streams of the countryside. 

6. llrpalic Portal System 

Although venous systems, beginning in capillaries in the tis^uts of the 
Imdy, ordinarily tcrmtnaie at the heart, there are places where veins not 
only hegin but also end in cafallarics. Such a group of veins is knovm as a 
portal system. In most rhordalcs, the ftxid-kden blood ^rtjm the digestive 
tract passes through ii strainer-like mpillarv' network, the liver, beftsr it 
arrivts at the heart to be sent over the hungry body. The group of vmns 
brgiiining in capillaries in (he digestive tract and ending in hepatic (Arpot-, 
liver) capillaries is known as the hepatjc portal system. 

Although other animals have organs that are called ‘livers*' by counesy, 
only chordates have-a true liver, or clearing house, 
where the strained blood ia rcorgartked by addi¬ 
tion and subtraction of v-arious substancca before 
being distributed to differEtii parts of the body. 

7. A Post-^Vnal Tall 

A true tail may be deCned as a conilnuatloit 
of the body poGierior to the anal exit of the 
food tube. That part of a lobster, fcFT example, 
which is sometimes erroneously called die "tail," 
is not a true tail at ?dl, but the alxlumoi, since 
the anus opens at the end of it. Each vertebrate 
has a true tad, either throughout life or eni- 
bryonicalty and ancestrally. Even tailless man has in his early fetal stages 
an unmistakable tail (Fig. 5), and then: are numerous weU-atithenticated 
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reported in medical literature of human taJb that pci^Ist beyond em- 
bryomc life* 

8. Red Blood Celk 

The red Trspiratory pigment of the blood may be dhaolvcd in the liquid 
part of the blood or may be confined m red blcxsd cells* In the chordates the 
pigment fa aSwa}’?i m celfa. In nan-^drdatc^ it fa usually in the phi^fiin^ but 
in a number of species^ Mrattercd among vancus m^icrtcbnite phyla^ the red 
pigment is in cells. Ambng the non-cbordates possesing red blood cdls are: 
A rcOj a bivalve moUiisc; Cly^^era, a polychaele annelid; and Thjonff^ a sea 
cucumber oi the echinoderm phylum. Tliesc particular examples art cho^eit 
because they are relatively common animals rc:pre$cntati\^ of three diflerejit 
phyla- No eTp'olntionary significance fa to be attached to the occurrence of 
this chordate featnix in widely scattered species of invenebrates. 

VIIL COMRVRA nVE DIAC1L4MS OF CHORDATES AND 
NON-CUORDATES 

A visualised diagrammatic summary of ^»ome of the outstanding points 
of contrast between & generalized cbordatt and a corresponding non* 
chordate fa presented in Fig. 6. 
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CHAPTER II 


Kimh of Vertebrates 


I. TAXOSOMY 

In nature otit encoimiers all sons of differcui ^nmk 
withflut any ^pp^ent law or order. It b necessary, therefore, with all thiA 
divcn>ity to Invent some workable that will bring CdEsmaa oat of chaos 

and make ‘'type study*" pq^iblep otherwiisc confusion is inevitable and the 
eSon w become familiar with all living things is hopeless. 

First of all k b essential to become acquainted witli as many kinds of 
animab hls poMifalCj not alone through pkturcts and names of unimah tliat 
live so dreary a life in (cstboobt but through actual acquaintance with real 
animals. Taxonomy^ or clafflific-aiion of animals and plants, b dull and wdth- 
out point until one has gained a personal acquaintance with enough organ¬ 
isms to make it worth while. Thb chapter consequently should be referred 
to only aa a last report after various kiniis of animab encountered begin 
to be famUiur and interestingj and there is something to classify. 

Classificaticits, it should be noted, are more than arbitrary secs of 
pigeon-holes labeled w^ith forbidding technical names, in which to file away 
and forget our animaJ associates^ for they involve a compact summary of 
knowledge concerning the origin and derivation of different organbms* 

In mentally putting togeihcr animab of a kind, die ideal criicrinn to 
employ is kereditaTy r^iaiiomkip rather than external reiembUnce. It is the 
particular province of eotnparaiiz^ morphology to discover such relation- 
ships. A whalej for example, b property classified wuih mmnmab rather than 
with fishes, which it snpcrScially testmbles and with which it aswxiates, 
because its comman origin with animals of the mammalian t>pe b indicated 
by the fimdamcntal fact that, along with many other rnammalian peculiar- 
itics^ its young are bom alive and fed at first upnn milk. 

Superficial feature*, like Uic transparency of many opcn-sca forms as 
divci^ as jellyfish, shrimp, pteropod tnonusk^, worms, and larval fishra, or 
the power of aerial flight on the part of such plainly unrelated creatures as 
birds, bees, and bats, tell us where the hits been spending tU tife^ 



of the 

while aiilmat aa unlike In appearance as whalra and hai^ heians and hunv 
rninghirds, eeb and flatfishes, hutlcrfltcs and bedbugs^ or lobsters and 
hantaclcs. belong together Jn any scientific classifiratioiij because each pstir 
is built Dll die same rundamentai plan and has a blood relationship, one 
with the other. 

Owing to die incsjmpktciics^ of emr prp^iit knowledge about the ctoIu- 
tifm and bhjod relationship of animals there is siill considerahle uncertainly 
and controversy among taxonomists as to '^tvho's who"" in any daasificatlDD, 
and ^5 a result several fiilfercnt arrangements are eurrent m Isook^ dealing 
witli the subject. The same scicntLst^ ^ his store of knowledge grows, may 
change his original classilicaiion. Ftsf infUance, David Riarr fnrdaiip Amer¬ 
ica's foremost audioriiy on die group of fishes^ in a classification of North 
Anirricau fishes (Jorilau and Copeland I m 1076, named 670 spedcs, 
Twenty-iwo years laleTi in 18^)S, he puhlbhcd a new list (Jordan and Ever- 
jiian) indiiding m it only 585 species In spite of the fact that meanwhile 
130 ocw ^pepes had been brought to fight. 

AVartl refers to two Iduds of taxonomistE, namely* ‘^haiMplittcrB” and 
‘'^luinpcrF.” and we arc free to choo^ie between them, for there is no ipdis- 
pumhlc hard and fast dassfkatiou that we are bound to accept to the 
cxclus^jon of all othci^ . 

Although opinions differ with regard to the details of s^'srems of cl asst- 
lieation* Uicre is suhstantiai agrecmcut with regard to the sequence of the 
foUorwhig groups ill which 

like iKiitviDOAi-s make up spEores 
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ITic man tier of employing these groups may he filust rated hy da^fying a 
particular mdividiial house cal, named “Tom'* (Figt It w-ill seen 
that this cat finds itself admitted jrucccssivNcly into more and more mchnive 
groups, liiitti finally* as n member of the vast animal kinedonit it has c|ijite 
Uvsi iis individual importaiicfr IT now we retrace our steps in the diagram 
from the ail-mdusjve wr see the indidduality of 

L^adimllv emerging until h may be concluded that this cat at least possessC:9 
not only the gcnmil chanuierLitics listed in the preceding chapter as vcite- 
brute characteristics, but also that it has I hr special equipment that ruukeE 
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U a mammal and a c^rmvurtj like the licnj^^ Ihdr kind» and la^ 

of all it. has an mdividuahty that djsdjtgiijshcs it from all other domestk 
cats which ate well known in d^cir ^^cral bou^olds. 



n^+ 7. The taxonofiny of a tut tiamtd *'Totn ™ 


Altbouftb Darwin t who wrote Tht Origin of Speciest was imable to 
defuie jList what arc the lJmit$ of a speciesg w^hich Is a concept that has nq 
i!xact counterpart m nature^ he ncvTTthriess made h clear that a species is a 
rcaJ etidey time outlives the separate individuals composing it. The species 
concept uf will remain Jong after the individual Tom has liv-cd out 

the t radi tinnai nine of cals and luttted to dust. 

IL SCIENTIFIC NAMES 

In a serinm study erf animab it is necessary la employ satntific n^mes. 
Ck^mmon names whicbi like nicknimir^ or pel namm^ rrmy have only a 
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ILuiited local application, do itol in variably' lead to accuracy in identilica- 
limi. Sailors lue not inidated into life on the deep until thc>' can corntnand 
a vocabular%^ of technical terms that art strange to the landsman. Even 
baseball Ians have a lingo all their ov^'n which corresponds to the sckndbc 
tnrniiidogy that the biologist finds not only useful but indispensable. 

It is noteworthy that the nr$t recorded task ever done by man is 
reported in Genesis 2:20, *"and Adam gave nama to all cattle, and to the 
fowl of the mt, and to every living beaM of the field/* So Taxonomy is the 
first and most ancient of all sciences! 

TTie great Swedish natui’nlist Llnn£ (1707—1778) ^ who introduced into 
biology a completi; system of nonicnclature, thereby raised biology from an 
inferior position as an adjunct of medicine to the dignity of a separate 
science simply by paving the way with an adequate biological terminology* 
He employed Latin mostly in making his srientiric names. This was advi^ 
able since Latin is a ‘^dejid language/’ no longer siubjccted to the changes ift 
lorm and meaning to which any spoken tanguage is liable. Latin, moreover, 
canic the nearrst to being ihc fimdarnental universal Language ol educated 
peoples of all tongues. Faith fully dirfelciiing aUthe animab and plants known 
to science hi his day with a i^icntific name, linnc even included liinisdf so 
that he is generally known by the Latin name of Linnaeus. 

A complete iu-ienlific name consb^ii ol three parts, as follows: the name 
of the grnui to which the animal belongs; the name of the species; and ilte 
name of the namert or gmlfaiher^ who doos the christening, fn all languages, 
therefore, Felh domesiicn t inn , is the proper scientific name for everj* 
Lommon house cat, because these cats belong to the genus felis^ to the 
specie* domfjticii, and were Ao named in the fust place by Liiinf. 

When ihc same kind of an animal ut given two or more scirnlifir namc^ 
independently and unawaredly, as fmqutrtiily occurs, the confusion is 
remedied by adopting the hu\i nnmc as^gned, if it can be determined, iii 
accordance with the of priority.” 

Ill any scientific tiamc the genus is invariably writ ten with a capital 
letter and the species wUh a small letter, ahhough it is prtmi^iblc: some¬ 
times, when a species k named in honor of a person or plaee^ to emplnv a 
capital letter, Bolh crarric and specific names arc always primed in italics. 
According to rornnum pracdcc ihc name of the nainer, which k principally 
useful in detemuning priority in doubtful causes, is frequently amittetL 

Every siudcjit of biology who sets (jut in eamesE to exeeb must conquer 
any childish aversion he may have for the imaginars' tcrmis ul urifaituliar 
scientific names and should acquire, as 5ooti as posihlc^ facility in the use 
of these indispensable tools of bk trade. 
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IIL A ROLL C/VLL OF CHORDATES 

Before prcNC<xding further with sl coit^dcradan pf the enmparative 
biolag>' ol Lhe vertebrates, it is nece^rj- to pass iii brief review the diffcTenl 
kinds of vertebrates betw'een which comparijioiu arc to be made 
The phylum Chordata may be lined up in the following array: 

Subphylum I - * -__ ............... jt^MiCitottDATA 

SubphyJum II .«^ ...... *.. mtociiORtiATA 

Subphylum 111 ..^. cEPHALocnoanATA 

Subphvllim TV . ,. > ___ p ........ . .VERTEBRATA (GRA^^ATA) 

Class I ,., t........ pCydoestomata 

Class II ..... p p p *. p * t ^........ .Pisecs 

Class III .. p p p. .............Amphibia 

Class IV ^ 4 ^ ^ ^ ^ .... p ReptiHa 

Class V - - ^ - p *. .. pp p p p . A ves 

Class VI .... p p .... Mammalia 

A BORDERUNE CHORDATES 

There arc certain animals whieh have difficulties in qualifying in all 
particulani a^ vertebrates but arc^ nevertheless^ classified ;i 5 chordates. These 
interesting connecting links bctwxcn vertebra tea and invertebrates may be 
called “bordrriinc chEndalts” or Protoehordates. TTiey comprise tkree 
aubphyln^ namely: hemtchoiujata^ urochoroatAj itnd gephalochoedata. 

U Suhphylum HEMICHORDATA 

Doikkogldssus kozifid^vskyi, found on the Atiniitic coast (Fig. B)* may 
be taken as a reprcsentati%'e of the Hemkhoidata, of which there arc only 
a few gmera, Thb small, fragile, w^nmilikf: animal ha.s no common namcj 
because it is not rommonly known, an addj* 
donal reason for rcsoriing to the u$t of n sci-- 
entific name. Its btidy is divided into three 
general regions; ( 1 ) a pTobi^sdj used to push 

aside the sand as the animal works its w'ay Cotrar.. 

along ■ [2} a short i^ollar; and (3) the Itunk^ OJn siin^ 

making up by far the greater part of die body, 

Jt lives buried jn mud at various iDcaiides 
along the Atlantic seasfiore where at low tide 
its burrows may be identified by peculiar Fii^. fl. D&Ucho^lvistUt a hor^ 
coiled piles of castings similar to those de- derlihc ctun-ilAfe, (Alter Bate* 
porited by earthworms (Fig. 9)* 

ITie hcitxiehord k of special intenEt to the biologist fflnee^ unlike any true 
wonu, it lias the three major chnrdaie chai^cterktk^ Numerous, U-shuped, 
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pkarynged gUl slits are pfcsiiit in the anterinr trunk region. There » a 
licrsid nerve cord tvhich usually posicjaes merely a few isolated siuall cavities 
in Ujc collar region only. A ventral nene strand, more or l«ss comparable 

to that of invertebraics, b connected with 
the dufsal cord by a nerve ring in the collar 
rrginiL Finally, an outgrowth from the 
dnrsal side of the digestive tract of the 
L'uUar region, cxtrndtiig forward into the 
proboscis, may represent the notochord. 
Although heenkhordates are womdike 
in many strutiural details, the few' chor* 
date features just mentioned suffice to in* 
dJcaie their problematical poKitioii between 
invertebrates and vertebrates. 

The Tomaria larvae of hemichords 
resemble corresponding stages of echino- 
denns so tnueb that the Tomaria was for 
a tong time thought la txdong u> some 
member of that phylum. The similarities of these rwu larval types hav'c 
served as a bavu lor considering the echinoderms as the invertebrate group 
most cUisely reLited to lltc chordates. 

Dllferent species are fniind widespread in similar tmbitats the world 
over. For example, in during the Hairuniui Expedition, l>r. W, E, 

KittiT, an aulJit)rit) uii this group of primilivT animals, disetAered amnng 
other Linds along Ihc shore of Alaska a new genus of hemichords, probably 
the most primitive of them all, which he christened Ifarritnama in honor of 
the expedition, 

2. Subphylum UKOCHORDATA 

The fJcDchordata arc tunicates or asciditins, called not only from a 
prculbr bagUkc outer llfrletis envelope, or “tunic," with two openings but 
also because their gmcral appearance suggests an **a.Hkidii)il," the Greek 
name for a primitive wine sac made of goatskin. 

These degenerate representatives of the chordates are all marine organ¬ 
isms, living for the most part a sedentary life, Motgala manhattrnns, 
L>cKay, a common “sea squirt” found along the Atlantic shore attached to 
piles and other objects, may be taken a.’ a typical species. 

The only struilures conspicuous externally are tw'o projections racli of 
which bears a terminal opening (Fig, 101. Wntcr is ronlinunusly taken into 
the body through one of these opening?^ {the month] and dischaiged 
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tlirmgh the other (the ^trioport). Intemallv, the mouth kmb min a 
phdTyfiXi an tiilargeiTtent which ncctipies a fatiMtltrablc poitian ol the body 
cawty of the anima]. The pharyiLX is pemicaied b>' numerous gi!I Jits v.hich 
open into ihc alriid 4 spa<re almriat 

completely surroiindin|j the pharT7i?i -ind 
opening to the outside ihrotigii die atri- 
opore. BcyfUid the pharjiist the diges¬ 
tive cruet coniinucs hit a short distance 
as a s mall tube, w hicli usually makes one 
loop and then opens intti the atrial 
ea^^Hty. Located on the dorsal side of the 
pliarynx^ Ixrtwecn moutk and atrioptire 
regions, b a solid mass nf nmx ibauc, the 
n^uTiil ganglion. There b no notorhord. 

Thus only one of Uie three main chof- 
daie charartcrblic^^is presem in (he itdult. 

It b the early life of tlie tvmicate, 
howTver^r diat gi% cs the real cltie to its 
iinmbtakabie relaiionKhip to true chcir- 
dates, which it SO little resembles when 
su] 3 erfit:iAlIy examined. The egg develops 
inin a (rce-swmiming Uid|x»le-like larva 
Fig. 1 1 1 * showing In its locomotor tail 
an unmistakable notochord and a single tubular dorsal nerve cord* Tilts is 
tile trason for the name of ihc gronp, “Uroebordata" (uru* tail; r.kmda, 
tioiOL'hord). 

After the larva swims abonl for a time ^d mcreass in size* it settles 
dowTi on a sfuitable support and enters upon its lifedinr of stationary exbt- 
cnee. The tail, no longer tieeded for loeomotioTi, b absorbed in in other 
i issues of the body* llie central, nmous sy^em, reduced to a simple dorsal 
ganglion, permits only an ovrt-all contr.ittiou of the entire body in response 
to anv stimulation* "Fhe pharynx, on the other kandr enlarges greatly and 
becomes the only one of the three chief chordatc thameteristics to remain 
well developed in the adidt. Tlie timKate thuis sacrifices ninet of its 
birthright of eJiordate chamcieristics, that is, notochord and tubular nerve 
cord* 

Some lunkates as the rcstili of budding are colonial in habit, living con¬ 
nected together in more or less dependence upon each other, a state of 
affairs not urnccimmon among invertebrates but which does not occur else¬ 
where among chordates. The compuimd or colonial mamier of life b shown, 
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FIr, IL Diagrami of [he mctaraorpb<Hls of i tunicate larva, a, at time 
of aitai!liincnl; b, at tnjd-jnuii of ntctamorpUniii; c, metamorpiioiii rouj- 
CFrom Hegncr, CttUtge emppright 1942^ by penaiKiDn 

Of Tlic Macniinim Caj^jipuny, publUhcn. J 


for cx^plc, by Betryllus f Fig, 12 ), a small lutiicate that grows in staHike 
slippery patches over the surface of seaweeds iloating in the shallow waters 
of the seashore. The hicurrcnt openings of the several individuals b the 



1^. IZ. BctTjiluSf 4 ccinipoimd lunioatCi Lch, iettian of a coJonKt shiw* 
infl the comTEoa c^it; Rlgli<, turf^ipc view of two colantn tuiTOiindcd 
by a. gcbitnoin masj, upoBi ibe flat surfaw of a bit of icawi^. 


coJony arc separate and arranged in a circle artjimd a common cxcurrcnt 
opening. 

Other coionbl tunicates. siicb as the beautiful trarapamot "chain 
saipxv.** arc pelagic, or fpeewsuiminbg in habit, forming elongated rafts of 
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barrel-iibjipcd gla^y-clur mdivldii^ H'tuch float nrar thr surfkidtf of the 
Dcean^ usually many mUes off shore. 

Most primitive of all thc^c humbk cousins of the vertebratts are the 
mictosdopit Appemlieularia* tmy gho^dike creatures of the vast ocean waicrst 
ibax hve a life of complexe freedom and do not rei4ipae+ Hke other tunkatesi. 
into imarabidoiiP sedentarj" degeneration^ but remain Larval ^^adpoles''^ 
throughout life* Animab such ns these, which ncsi-cr “grow up” but Ikcotuc 
scjiually maiure while in the larval stage^ are said to be paedog^nic^ 

3, SuLphyLum CEPIl\LOCHORDATA 

The Ccpbalochordatsx, so uatued because they have a notochord (unend¬ 
ing uito the head region^ include only two genera, firiincAiojfdmd and 
/ijjmmclron. This siihphylum is also called Acniniota bccaasc of the absence 
of 3 cfaniuni, or brain caist. If these animals had a cramnm thc>' would have 
nothing to put In K for they arc brainless little creatures w'hose nerve cord 
fails to enlarge at its anterior end into anything lilte a brain. 

Amphiencua {BranchiGstomff)^ the mo$t widely known member of the 
group, has had enough written about it to fill more than one ponderous 
tome. For a ccntiuy or more it w'as Icxsked upon as a most primitive chor- 
datCs a in the making,” iJhtstratmg the bcglnumgs of many great 

things. More recent work has cast considerable doubt upon this point of 
view, wpecialiy when some of the highly speciaUzed featnro of amphiossts 
are taken into cortsidcraiiBjn. Yet this animal has apparently retained a 
great many relatively simple features, despite the fact that it has probably 
evolved a long way from the actual ancrators of the chordatc^. If we direct 
our attention away from the few ^rpednlized structures of atnphioxus and 
low^ard its many important basic features, wc must always do in any 
type fftiidy, we find that thb animal shows us die chordatc pUn ledueed 
to almost its low^esi lerm^. 

Amphioxus dwells in the shallow^ waters of tropical and semi-tropical 
(icas in lucadons as far apart as the Bay of Naples, the coast of Peru. Japan^ 
the Indian Ocean, CalifomLa, the Philipinnes. West Indies, Australia, North 
Carolina, Hawaii, Maidive Islands, and China* This wide distribution 
suggcsti the great antiquif>' of the t>Tse which, in spite of its n^ricted means 
of locomotionp has had time to spread to the irttennost tropical comcre of 
the cartb- 

Off the coast of southern China, north of the Iriaud of Amnyt amphixxxus 
is so abundant that rt fotm^ an important food &hery^ which has been 
worked fay the Chinese for centuries, Professor S. F. Light writes in Seim re 
for July 27^ 1923: “Here on this little strip of coast about 4-f>0 fishemiCTi, 



22 


Bititngy of the Vertebrates 

timig 200 small boats, are engaged for fmm two to four hours on the ebb 
tide of every eaim day duriji|f ihc nine raunllLs from August to April of 
each war in dredging for aniphioxnj! for the uiarkcL The catch averages 
about 2600 pounds, well over a ion for each calm day during die nine 
months of the fishing season and a total of hutidicds of tuns uf amphioxus 
arc taken during the yearT' 
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It is not ^ a source of Chmest food, howeier, that the chief iutertsj in 
nmphioxus lies, but because in its dewlopment anti structure thk little 
animal points the way to the rise uf tlir complicated condlrinns found in 
higher verlehratea. It will be necesaary kter on, when tracing the origm 
of S'arious vertebrate organs, to go back repeatedly to the presented 
by amphioKus, 

Ampliioxus. or the “lanrdct" as it u commonly called, is an dongatrd, 
semi-transparent, fishllkc animal, two or three inches in length when fully 
grown, and somewhat pointed at cither end, as its Greek name [atnpii}, 
liolb; urinf, sharp} indicates. In habil it is largely sedentary'. King buried 
in the sandy buin:iiTn.s w ith iti anicrior end projecting. ll is a pocjr swimmer, 
coming to rest by lying on lU sulr. wfirn nni burrowing into the sand. 

Al the anicrior end, gtiardin^ the mouth, is a cirelc of bristlr-Iike fiVri 
altachcd to the edge of the hucral funnel witliin which is a whirlpool «l 
cilb. the org/in." vsliicJi hdpi to dircci die raicroscopu: food into the 

muuth I Frg^ 13), 
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Running along thr entire doi^al side of tUc body, then itround the tail 
end and fonvard on the -vTctitnU side is a continiiouH median fin. TLk fold 
of the skin, as it pasias around Lhe tail end, expands to form a conspicuous 
raudat fin. M the fold reaches the re- 
Kian uf the atrial poix, anterior to the 
anal upeuing, Et di^'idcs like a letter Yp 
and extends forward in vefjtro-lateral 




folds on cilha: side of the body, Jt is 
out of persisEmg parts of similar folds^ 
which are laid down tejnporarily in the 
embryos of fishes^ dial fins are formed 
(Fig/H). 

Of aJl known lower churdaiest iim- 
phioxus show's the best development of 
diagnijstic diqrdate features- Extending 
the entire length of the body just dorsal 
to the dIgiR 5 livc tract is a nutochord 
I f ig, 15 ;, Above the latter h the dorsal^ 

haiinw arniral nent&m syitem which, luBicad of enlarging antiaiptly into ii 
brain, actually is more slender near its anterior end than throughout nuist of 
iti length. Not far from Lhe mouthy the digestive txaet berumes greatly en- 


Fl|^» 14. 01:igraiii^ uT the phytl^gelle- 
lie dcb'elopmcn!; uf iirtpnired and palrrd 
tkiY jiirconfiJig to the fui-fold liieiiry. 
A,, priinirive 9t4ge, w^ith ccintinucioT lin^; 
fi^ stagp, fiiaj reiriiihi- 

tii^ jltcr partial .iba^iptiurii of the 
pritiiiii\*e cattiifinuuj fais. lAirer Wie- 
dcTslieim.) 
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Fif. 15. Cross lecticm of ;iiiiphioxus throuii^li posterior p.irt of ptmryiix. 
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larged into a pharynx, the wnlj tif which Is pclicirated by 26 pahs of long, 
narrow ^ill ihti. Beyond the phary tot an uncoiled intestine of small diameter 
leads to an nnm located on the left side of the mld-ventrai tegictn a short 
distance from the posterior end of the bt?dy. Thitsi^ a ^oi/-« 7 i»n/ tait ts 
present. 

Cilia of the wheel organ and pharyngeal w'alJ ordmarily m ain tain ^ 
continuous flow of water through die pharynx and gill slits. water not 
only acts as a respiratory* cmroit but also brings in numerous «mat1 pi^an- 
Lsms which serve as food. 

EhetenJing the entire length of the pJiaTynx arc two gimives, a ventral 
endostyie and a dorsal epipkaryngeal groove. Both arc heavily ciliated. In 
the eiidostyle numerous glanJuJar cells Bccrete mucus which is carrirtl 
anteriorly by ciliary action. Other edia transport small streams of the mm us 
dorsally along the inner sttifaces of the gill-bars into the epipharyngeal 
groove. Tn the latter the cilm carry the mucus poatcriorly into the intestine. 
Micnoscopk o^nisms brought tmo the body by the so-called respiratory 
cumcjii arc trapped by the mucus and eventually carried into the intestine, 
rhe lining of the latter is aho ciliaied {an invertebrate characteristic,!. 

in tutucatcs an /ttriaf cnvttyf a EpecialiTcd feature prubably associated 
with the animal's particular habits of life, surrounds the pharynx. Water, 
pa.ssing from the gill slits into this atrial cavity, b dischaiged to the oiilsidc 
through a relatively small alriopore located about two-thirds of the way 
back on the ventral side of the body. Thus the delicate tispimtory menw 
hranes arc removed from the surface of the body where they ivould lie seri¬ 
ously damaged, if not destroyed, as the animal pushes its w’ay through the 
sand. 

Growing out vemraTly from the intestine L* a blind sac, the hYrr e/iW- 
ticutum. lined with glandular eplthdium and supplied with a network of 
blood vc9«icb that represents the bcginnhigs of a vertebrate he pat it portai 
syflem, since tlic blood from the fond tube has to pa® through this capillary 
strainer in the llvt-r diwrtkuhim before gtiing forward to the gills and 
thence over ihr body. 

There is n« heart present, but a pulsating %’entra] blood vessel, lying 
IjcIow the phan nx. Is larger than the other blixd vessels and b prophetic 
of the future ventral heart of vertchratex. 

The gonads are segmental and can be seen from the outside through the 
transparent body wall. The germ cells arc discharged directly into the atrial 
cavity from which they are carried (o the outside by the respiratory current 
The sexes are separate. 

Unlike iiroehordatcs and hemirhordates. cephalorhordatea probably 
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rcprescnl simpJe advancing fomts^ aJid not ona whose simpikity is the result 
of degradation. 

B. SUBPIIYLUM VERTEBRATA {CRANLATA) 

All vertebrates exhibit at least tmea of a baelihonc, or tftrtebral colttmn, 
which begins its development around the embryomc notochord and nerve 
corcL They also have a disttncl headj inciuding a braint oUaciory oi^ns, 
ejTS, internal eats, and a skull (craojum) associated both with these struc¬ 
tures and with the anterior portion of the digestive tract. In cotitmat with 
the situation In amphioxus. the notochord of venefarates extends forward 
only as far as the level of the mid-brain, Tlie pumping organ of the circula¬ 
tory system Is a vsntrally located heart di'rt'dci/ into sfi’eral chamberi, at 
least one of which is highly muscular. 

A parapod of Nereis, a leg of a lobster, or any other invertebrate ap¬ 
pendage arises from a single segment. Vertebrate af/pendages, howcw, arc 
formed from leeerai segments, sometimes many. The arm of man receives 
muscles and nerves from seven dificimt segments. Some of the fishes (notably 
the skates and raj's) have anterior paired fins arising from a score or more of 
segments. Many invenebnues have a pair of appendages on almost every 
segment of the body, while othcis have only a few pairs, for example, four 
in spiders and three in iug getiL Veriehratea alone are Limited to two paiis. 
This IE a reasonable and logical arrangement l>ccaiisc four legs furnish the 
most ellirient and economical support for any sort of an dougated bilaterally 
symmetrical ab|ccl, such as a tabk-top, a bedstead, or a horse. Certain 
Devonian sharks arc an exception to this rule of ijcr-ff more than two pairs 
of paired appendages. Some v'ertehrates, it is true, have lost one or tfic other 
of their pairs of appendages, Snakes, for cxiuuple, have lost both pairs, 

1. Class CV'CLOSl'OMATA 

Thr lamprey eels and the haglkhca show a great advance in die chur- 
dale series over the forms thus far considered , but are so different from 
otlicf fishes that they hair been placed in a dasa by themsclvta (Rg. 16), 
They are called “cyclorttimcs” {cy*lo, tnimd; ifomn. mouth) for the reawm 
that, instead of typical vertebrate jaws, they have round Jawles sockcr-tike 
moutlis by which they attach themselves to the sidi:s of fishes or to other 
objects, l licy arc more committet! 10 a life of parauthm than any other 
vertebrate, and w hen one fastens to a fish, it may rasp a hole with its filclike 
homy teeth that are attached to its muscular "tongue," quite through the 
skin of the unfoitutiaie host whose death eventually resulla. 

Cycitfftomes are distinguished chiefly by the absence of certain customary 
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li^htlkc stiuciuftfs. They arc not rnly j^wless^ but aire also without paired 
Rrw, fsw\m bladder, dpacii. ovidui^ts, true mesodennaJ teeth, vcrtebrsil 

centra, ribs, or bones of any kind. They hnvc only one external nasal opro- 
ing instead of the pair present m most vertebrates. They breathe by means 
cif iiitema! giUs, .All arc ed-like in shape, but arc not to be confused with 
true eeb, which a bony slieletan inctuditig jaw-a, instead of a skeleton 
consisting principally of a persistent notochord. 





Fig- Id, CVCT-OSTQMES. ^ Bdrlhit&mu. LigHi ^|jmiircs idoop; entire 
length are mnciiuii piU; bilker, dark apmurci nre btanchiaJ ^ip4:nk]gi^ 

V, At'fxin^^ Left ctpmmciD bniiiehiitJ iiprniire ii at (FToni 

Hegnrr^ Eopyright 1942^ find Dc^n, 1 '|jA« lowing ttad 

Fpfjtii, cejpyiiL;lit 1895, by permssaen ol Tlit Ma^niilbn Cliicnp^tiy^ piJi- 
Llilicn of bM>tli books.] 

The larval lamprey i» so didcrent from the adult that it was formerly 
a!^igned to a distinct genus and named before its whole life 

history was known- In its early stages an endostyle-Jikc gmjvc is present in 
the pharynx. Later tins gwove pinches oH and gives rise to a subpharyngeal 
gland bclii:\'fd by some to be homologous with the thyroid gUnd of other 
vertebra tea, 

CyclofttcnicA are usually maiinc in habitat allhough they frequeni fresh 
waters to breeds anti some speries arc permanent firsh-w+atcr inhabitaiitiL 

Lampreys scoop nut a rtesi in the sandy bottom of a flowing stream in 
^vhich to deposit their eggs, meanw'hilc fasicuing themselves by mean? of 
tbeir suctorial tiiouth% to a *tonr in order not to be carried down stream. 
Thtf habit has given rise to their genus name of Pelromyzon {pttros^ rock; 
myzon, mucker) ^ 

Hagftfhes ari: particularly slippery creatures^ often producing so miirh 
mucus when tmcomfortablv con&ncd in a bucket of sta^ant water that the 
water \% thickened into a gluey mass, Linnaeus describes AIy.t{n£ gtuiinma, a 
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Eimjpcan hagfish, in compact Latin: "iniraf et davorat pieces; aquam 
in gluten matat.“ 

Lamprcw have for a long time been used for fixid, piirticularly in 
Liiropc, Ciiceno in one of bis nratitins bewailed. Lhe tendency of young spends 
thrift Romans of his day, who as in every generation wene regardeti hy their 
elders as going to the do(^, because they spent their time revicling at night 
and “fcastiiig npoi) such delicacies as lampreys.*' 

Only a few genera are reported as belonging to North America. Tire 
best known American iind European genera art; the hagfishes Alyxine 
(Adiiiilk) and Itdallvstt/riw (Pacific) ; the Lunpreys PelrtpmyzoB, found in 
both salt and fresli water, tekthyomyzon, of die Great Lakes and Missiisippi 
Valley; and die brook lamprey, Lampetra. 

Closely related to the Cyclostomcs are the smaD jawles® armored tishes 
(Fig, 17 j known collectively as the Oj(mfot/erm.i {ostmeo, shell; dernt., 
skin). Because of the absence of jaws these 
two gmiips arc sametinies classified together 
as the Agnatka (rtf. wjlhoiil; gnath, jaw). 

In the nstracoderms, Ibng since estjnet hi’ 
habitants nf fttsh wafers, thick bony plates 
developed in the connective tissue metn- 
branrs of the skin. These plates were brge 
and Immovably joined to mic anotfter in (,\ftcr Tiaquair) 
the head region to form a shcli-like struc¬ 
ture- over ther part of the fab. On the rest of die body the scales were smaUer, 
thus permitting die freedom of niovemcni ncceisary for lucomotlon, 

2. Class PISCES 

When Pliny (23-79 A.n,) wrote his J7w/o«a Nalurdh, he enumerated 
M kinds of fishes then known to the Rotnaii woriif. In 1735 Lmniinis listed 
-t7S. Today it b estimated that at least 25,<KM» spedes are known. 

'Fhe importance of this class of vertebrates Is brought out by the fact 
that the watera of the earth, of which fisbrs arc the dominant iiihahiiants, 
occupy four times the area of the land masses combined. Although primeval 
fishes lived in fresh water before the oceans became salty, only apprcmimately 
one species out of twelve now lives in inland fresh watem, while tm arc 
distributed in open oceans or coastal regioTis and one is a dweller in ihr 
darknc!!; of the deep sea. 

Fishes vary enormously in SiKC all the way fmm the dainty Miftichthys 
fuioncnrir of the Philippines, which b about half an inch long %vhen full 
grown, to the rohistal shark. Rhinodon typicum that, according to HacniprL 
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has b™ knowti to attain a length of 65 ftct. There li likewise a remarkable 
range in the body form of fidicSp as Indicated by rcpresentali^'CS shoivn in 
outline in Fig, 13. 




Re- 18 . S^Ttne imunija it^rlei of liiha. A, ffippofumpat; b. Sttmaptyx; 
c, StrnuomfT; n, Sebsitiptbtiii *, TttTMdan; r, Chitiftediftt! c, Jitfi- 
jfonw, (a, alter Hil^ciiner; d And c, after Goode and n ic a, 

UawAitiUi 
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The key for undmtaTidijig' the fkh plan to be i^ught in the adaptation 
of these antnmb to life In water. For example, their chief respiratoTy organs 
are intemal gUls. The imU whith frequently Is mofe cxterLst^e than aU the 
iwt of the body^ is the main organ of propiikion, entirely effective in scuff¬ 
ing through the resistant meduim of wster, but quite useless in thin nir . 
The other unpaired hus as well as tlie paired ones^ which art honiologotis 
with our nnm and kgs, air n*^d for strering and to prcv^eni rotation of the 
body OB its long aib* which would othcnvke occur as the result af the 
sweeping strokes of the tail. 

As in all higher vertebrates, skeletal rings, ihc bcghTnitigi of the centra 
of vmcbnic, cndrclc the embryonic notochord of moat hshes. During dc^d- 
opment, these rings gradually fill In to constrict the enclosed notochord con¬ 
siderably in fishes, and ohliLerate It ahnofit tompldtiy in high nr forms. 
WcilnJet'cloped skulls, consisting of elements associated with both brain and 
gills, first occur in fishes. In some of tbe lowest fishes {Cladoselach^^ for 
c-xampk) tt can he seen that biting jaws arise as modifications of the most 
anterior of the gilt supports. Because of the presence of jaws# Ikhts^ and all 
higher vertehrates may be grouped together as Gnalhostomata |aw; 

j/timtf, mouth). 

As far as living fishi^ are concerned, tlie Pisces may be divided into two 
subclasses: 

a. CuorsDiucirrirvcs frAoFidrCi cartilage; hhthy^ fiah) 

b, OsTr-JcimrvRs {^sseo, bone} 

a. SubelasA CHONDRlCTlTmTS 

The cartLIaginaus fishes arc so called hecattse their skeletons are entirely 
of cartilage, the material cornnKinly called gristk. There is considerahk 
ci,adcncc that the absence of bone from these animak may hr a dcgcncratr 
condition. Many bclicvx that the ancestors of all the fishes were forma dmi- 
lar to the Oitmcodcims. 

None of the cartibginous fishes has an aif bladder# The intestinaJ sur^ 
face available for both secretion and absorption is considerably increased 
by a spiral vahTS (Fig. 212)^ a tightly coded fold of the inner part of the 
intestinnl waff 

The Orders of earn I agin nus fishes include: fl) CT.AiiosEi^cfm: (21 
riJissiouRANianU and (3) HounirrhAU. 

[}) cLAixjsMJicnr.^KS.—The long extinct primitive sharks belonging 
lo the gf‘Jiuh Cladmelftchr fXKscised many iniemting EeaLiirei (Ftg. 19) . 
I’hc pw$ of these andent stuuks were clearly in line wilh the giil arches 
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which lay inmicJiatdy bcliinil them. In these nnhnaJs ii is oen more obvious 
than in modctit sharLi that the jaws repmetit the fir^i pair qI rUI arches. 
The ventral halves of the tirst arches have become the lower jaw while the 
dorsal halves, tilted forward, have become ihc upper jaw. A nidimcntary 
vertebral column, coiisistiiig of an imcoustrictcd nutochord onto which were 
laced vTitebrjil arelies, was present. 



Fij;. 19. RMtomtifio nf Cladintlackt fylrri. lateraf and vcniral vicii'S. 

(Ffom P^rkjcr jud Ila»urli, A Tmxt-Bai/k of copytight 1940, 

bv permiBsimi dF Hie Nlxcnullau Compaiiy, publiihci^l 

The fins of Cladosehtcht had broad attachments to the bedy, a conai- 
tioti which may be riled hi support of the fio-fold theory of origin of 
appendat^es. According to this theory (Fig. 14) the first appendages were a 
Bet of hit folds, including: flj a continuous median fin extending altmg 
the dorsal side of the body, around die tail and forward along the ventral 
aide of the body aa far as the anus; (2) a pair of vcntro-laieral folds extend¬ 
ing from the anal region forward to points immediately behind the last gill 
openings. Individual fitis may have been derived from the dropping out of 
portions of these folds and the retention of other portions. The primitive 
indivirlual fins would therefore presumably have broad attachments, such 
ns those of Chdosriacht*. Tlieii a later development would lie the narrowing 
Ilf the base from which the fins fan out, as in many modem fishes. 

(2) Et-ASMOBHANcns (giTSllc fishes).—Most Jiving canilaginom fishes 
arc da-mwihranchs, including the sharks i Suborder Selu£hii) and the skates 
and rays (Suborder Bidoidea), The sharks, including doghshts and their 
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allies (Fig, 20a and c), all gradc/ul, elongated, streamlined animals, actively 
pre> upon other lislieH. The rays, vtith the skates, tcirpedocs, guitar lisiirs, 
and thneir allies, on the emttrary, arc flattened sluggish hottom feeders (Fig 
2()b). In the fiatoidea the pectoral fins, consideFably enlarged, arc the 
organs of propulsion. 



An clasmobranch may be distiTiguished by the following rharactcrisiicai: 
(J) a large mouth ventral in poaiiion rather than terminaJ; (2) separate 
openings of the gill slits (usuidiy five pairs} not concealed as tii other iishts 
behind a gill covt:t\ (3) dotfloveiitrally flattened head; (4) plaroid icitles, 
resembling tiny thumh tacks rnibcdded, point up, in the skin without ahin- 
gling over each other like ordinary fish scales; (5} taH helarocercid, that is, 
with the vertebral oolumn extending into the doraal part of the caudal fin; 
(6) paired pelvic fins modified into “clasping organs’* in the male, permit¬ 
ting irnemal fertiiiration of tiic egg; and (7) the productkai of a nlabvdy 
siTuiIl number uf eggs tbai in some apedcs arc covered with shells tuid then 
laid, while in others they dcsTlop into some size wi thin the oviduct of the 
female before the young are boni alive. 

(3) HOt.oospHALiA?ja.-—Biologkal interEst in the uncommon and 
bizarre “elephant fishes," or “spook fishes," centcis in their intermediate 
anatomical posittim between elasmobranchs and other fiahei, TTiev differ 
from dasmobranehs in a number of respects among which are: (1) small 
ia-jx of mouth; (2) scarcity of scales; and (3) presence of a gill cover, or 
operculum, a fold of the body watt extending over the gill slits but with a 
free posterior margin luidrr which the respiratory current leaves the btidy. 
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The name holocephali {holoSi whole; cepkaiortt head) is given \a them 
because the upper jaw is immovably fused with the cranium alter the man¬ 
ner of higher forms, initead of being in directly suspended by means of 
itgainents and cartilages as hi elasmcihranchs. 

Of the three living genera. Chimaera (Fig. 21} is found on the Pacific 
coast ol North America, as well as on the ooasis of Europe and Japan and 
at the Cape of Good Hope. 



FUf. 21, Chitnafra^ a lidloccphalbn FihIl [From Newman, The Phylum 
Churditlu, copyright I9i39, by pernussiDn of The Majcmillan Company, 
publishers A(uf Bridge.) 

k SoheUw OSTElOmiYES 

The morlem Ixitiy fishes are grouped into the subclass Osteichthyes, At 
least a part oT the dtcletoQ is ossified. Over the skull and pectoral girdle 
region, in vesting bony plates arc laid down in the dermal portion of the 
skin. The gills am protected by an opercular fold which has investing bony 
supports. No claspen ate present. Air bladdciB, outgrowths from the 
pharynx, arc present in ail bony feh except a few tekosts. 

There are three orders of bony fishes: [ 1) CROSSOPTEBYcn; (2) iupnch; 
and {3) ACrtKOPTtftVoiE, 

{1) cRossoirtT.tiVfitANS.'—The Crossopterygil are commnnly called 
lDbe-&ined Hshes because each of their paired fins lia* a diick, fleahy basal 
lobe. The skeletal support of this fm consists of a single basal element fol¬ 
lowed hy two bones beyond which arc a number of irregular small bones. 
This condition suggests the plan of the land type of appendage. Other fea¬ 
tures of this group are: (1) air bladders serving as lungs; (2) a spiral valve 
in the intestine; and (3) nasal cavitiea opening into the roof of the mouth 
tavily. These fish iux believed tu be the anenton of land animals. 

All members of this group arc extinct with the esception of /jjffmenn 
which is represented hy one specimen, about 5 feet long, brought up in a 
net off the mast of South .Africa in 1939. Unfortunately the internal parte 
of this specimen were destroyed before its zoological significance became 
known. 
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(2) mp^OASS.. —Ae the word dipnoi {di, two; pnfum^ air) Eu^gests^ 
the “lungfehrs” ha^T two ^vaw of brcathingi that is^ by incans of giih and 
by a tticHlibcd swim htaddaTi of hing (Fig* 330)* 

They are semitjopicah fresh^vatcr, primi¬ 
tive Galies dwelling only in countries where 
wet and dry seasons alternate^ bistead of win¬ 
ter and summer. During the dry season the 
African and South American species bury 
thrmsclvcs in muddy pits (Fig. 22) and 
breathe air like land animats, hut when the 
rainy sc;i5on supplies an abundance of water 
they swim about ftshdashionp breathing 
through gills. Tins passive rnedii>d of bridg¬ 
ing over a season of uiifat'orable dryness is 
termed aesiivaiion^ correspond mg to hiber^ 
nation, or the habit of anfmak like bears^ 
batSj and woodchucks, which mire from 
actirity during the cold winter season^ 

Ollier intemcing feaUim of these fishes 
are: (1J a spiral vnJve; (2) iiEisal passages 
opening into the rool of the mouth cavity; 
and (3 ^ llcshy portions in the paired fins. 

There an: no lunghshes in Nort h America, and only three living genera 
arc known anywhere. These are Proioptti^tm in Africa; in 

Australia (Fig* 23); and L^J&fdnrirefn in Braril (Fig* 24). Thej- possess 


Fe^. 23. Aystmlj^ N^orfriUodas. (After Bridge.) 

much interest for the zoologist not only by rrason of their peculiar habits 
and rariEVj but al^o hecausc of the mtrrmediatc comhuiarion ul ihdr ana- 
tomJcal characters which puts ihem in a class by themsdves. 


Fig. 24. Bt;iriil4in lurigfiih^ (Afler L4mkeitrr0 

(3) ACTtsOPTF-ftYOTANS.—■Included among the ray-rinncd fishes 
ray: ^Irryg., fin) arc the several groups poeMs^ng fins with no baflal lobes 
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buL with tiirir entire free parts trsembranGus and supptirted by slender 
dermnJ ray's. Their tuisbI pits dcj not eomnninicatc with the mouth cawiy* 
This group meJude^s 3 sub-orders: CA0ndr'Q:tUir Holostisi and 

(ii) Chpiulru^teajis-^—Those ray-finned fishes which have superficial^ 
dennaij bony plates but an inner skeleion compofsed essentially of cartilage 
jrc tailed Chondtost^^ {chondra, cartilage; bone), l^esc amnials 

also prj«scs 4 a iSpirEd valve anti ganoid scales. Among the living memheTs of 
this group are Fotyplerus, ScaphhhynnhuSr ^d Polyod^n 

(Fig. 25), 




Fbj. 25m CHOT^^DRC^TKl. a, P^ly^dwiti Afipem^r' e* P€>lypl€rus* (a* 
aft£r Boas; b smd c after Bridge.] 

PidyptrTUs {poly, many; pier, fin), m named hecrausc it has a row of 
small dorsal fins^ i* found in the tropical frt^ih waters of Africa. A well- 
<lcn eloped pair of swim bUddos is connected w^ith the ventral side of the 
plmryn;^. A secondarily aojuiied hm^ lobe in iht pectoral fins has led some 
taxonomltts to uicludc this animal among the Crossopierygii* 

Aciptnser and Seaphirkymkuj arc the sturgeons of the riveni and lakes 
of the Northrm Hcraispheix, Caviar, the dclicaey made famoii.^ by the 
Rinabms h the eggs of sbirgcons. Like the sharks these animab have a ms- 
tmm, a v'cntral mouth, and a hcienocercal tail, 'fhe scales are reduced irt 
nirmbrr, In Pclyod&n, the Mississippi spoon-bill, the rostrum is greaiSy 
tularged into a dorso-ventrally fiatieocd, padtllc-like structure and the akin 
is almost devT^iid of scales. The sturgeons and spoon^bilb have a pcj^teni, 
imconstricted notochord onto which cardLkginous arches are laced by con¬ 
nective 
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(i) Hoki^itcam-—Tho.sc ray-GTuird Gshr^ which have $iipcrfirUl^ dd- 
Til ill, bony platc$ and aho a rather couipkld j ossified inner replaciiij^ skde- 
tiTn are caUed ( k&to^ 

cfimplcic; i^sU0j banr). Other 
feattirc^ arc: (I i a reduced 5pi- 
rai vaht^j (2) bony \^cbrac; 
and {3] ^nnoEd acidcs, TIutc ait 
only two liymg gmera of this 
g;roup, (l"igp 26 a), 

the g^irpikc of the fresh waters of 
Notlli America, possesses hcaw» 
shinyf ganoid scales which fit to¬ 
gether edge to cdgtj tardy over* 
lappingt like tlic tiles around a 
firbpUcc^ iFig, 2Gjr!, the 

freshwater dogfish of thr United States, has o’^THapping^ cycloid scales mi 
the trunk and tail rcgloiis^ ganoid scales being linuced 10 the head region. 

The Chondruffld and HolOft^td ^rc Iregtientiy referred to as the Ganoid 
fishes, vvrith the farmer heing called the cartilaginous ganoids and the Utter* 



I. 

Fig. 2G. HahOSl'EL ^ L^pidmirui\ 
AmiiL ^Ap 4ifter Gut^ilc; a, uht^r Hriilgc,) 


the bony ganoidSi 

(r) TclcittU.—The T^U&itei {irl^t entire; bone) me the tme bony 

fishes. They' constitute probably 90 per cent of all known kinds of febca. 
They have an almost completely hony skeleton ; no spiral \^ve; thin, round 
overlapping scales on mosit species' and a humocercal tad. A few unusual 
repTOcniatlvcs out ul the great variety of telcivst^i arc mggtstcd by outline 
sketches in ngure IB. Some of the best known lelcogts are herring, salmon, 
trout, ecK cat&hj muckcrel, carps* pk-kerd, pcTvh, flpundcoi, and cotL Of 
the carps alone there are approximately 1000 species. 


3. Class AMPHIfiL\ 

The cluins>' amphibians (amphi^ both; tior* life). )ik<^ Jefcyl and 
Mr. Hyde, typically lead a double life* that is, first in the w ater and then on 
thr bifid. M a dasi tliey hridg?e out of the greatest gap in mtebrate ctoIu- 
lion. Ibe result of this ambitious attempt v$ thnl they present a medley of 
makeshift adaptations* whidL, while leaving them srill a long way from 
veitebtale perfettinti, nevertheless make them of particular interest to the 
student of comparative biology. 

Along with atctj© io two different habitats ilicy must encounter a double 
set of cncmica, but at the same tunc Uiey ha\x: two awnucs <if escape, land 
and water. 
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The curliest record af any wnliiog vertebrate is a single iUumitiaiing 
fciotprinls ^ unique as that which Robinson Crusoe founti in the sand oI his 
kliuid beach, left in the Upper Devonian shales of Pernwylvania^ and now 
to be seen bi the Peabody Alusetmi of Yale Univei^ity* The three-toed tos^ 
anrc^iot of the amphibians that made this famous footprint 
has iiceii christened Tkinopu^ 27)* 

Among the dual adjiL'mnrnb that any animal living a part 
□f the tinic submerged in water and a part of the tiine upon 
land must makei are those assiKiiaied with i4)comol{on and pfa~ 
iedhn agmn^t desiccation^ 

In w^aier an elongated fehlikc body^ propelled by a muscu¬ 
lar tail^ ha^ proved to be the must eGkiet:it mechankm for 
locomotion. On liuid such an arrangement would be out of the 
quesitou, because in thin air a propeller that covild develop 
power enough to move the body at all w^culd rseccsaitate so 
great an addition of heavy rtitisclcs^ as to defeat the pt^Ibilit)' of 
aerial or tm-estrial iocomutioii, When the weight of the body is no longer 
.^uppu^tcd by a sumjundiiig medium of water, the two pain^ of appendages, 
lieeome modified ioio legs which act as levers to lift tfse btsdy away from 
frictional cfinlact with the ground. It is quite possible to equip such levers 
with .idequate muscles without ailding escessivdy to the entire weight to l>e 

tiici^ed. 

Amphibians, like all land animals, are therefore tetmpoib four; 

pod, foot). At hestp liDwcncr, they are not parLkuIitrly successful at locomo¬ 


Fig, 27, Thi~ 
fitipuif the 
oldrtt known 
fcHjtpniiL 
[Aftpr 
Thoiu,) 


tion ori land. 

The legs of salamandco^, ridiculously small and tuadequate, cannot cv'cn 
lift the body from the ground, for itistead of being directed ventraJly 
5 upp>rl 5 , Lliey project laterally, and can be used only slighdy In poking the 
wriggling body along over the ground. Even m frogs and toads^ where 
amphibian kg5 reach their hight^t development, such locomotor appendages 
arc so intfTiriently anchored to a single vertebra of the supporting hacktionc 
that these animals cannot Iiear iJieir weight upon ihcni in the sustained man¬ 
ner necessary for stajidlng or walking, and can pragresa only hy the inomen- 
tar>’ rjccriinii of hopping or jumping- When not locomoting they never stand 
hut always ait- 

The problem of pfotectinn againsi dericcaiion arises horn the fact that 
the air. usually far from sauiratcd with moisture^ lakes up water rapidly 
from any moist atirfacc- The cclh of die body, as complex chemical !abora- 
torica, must contain rntistdenihle w'atcr to permit metabolic pziocesses to go 
on. Onr phase of thk problem is that of hre^lhing* 
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The essentiaJ feature rtl every breathin^^ dc\'ire h a delitatr wall, or 
membrane, separnling blood fmni the o^g^-ccmLaititng medium. In sub- 
merged animab^ gills, ihin-walled stfucctire& concaJiiing blood and han^ng 
in water in which oxygen b dissolved^ fulfil this condition. When exposed 
for any conridcmblc lime to free air air, however^ LhimwaJlrd gills dry up 
and coUape^^ making gaseous exchange no longer possible, in animals 
breathing iiir, luft^r are developed* These are endosed sacs in which an 
enomiDUiS expanse of capillaTy blood vesseb^ behind very' thin moist walls* 
is exposed to air. Tiic drying up of this kind of wall is prevenied because 
openings from rhe lungs to the Oiuoiidc through w bich evaporation can occur 
arc relatively small, and also the air on the way to the iun^ may be mois¬ 
tened ill the respiratoni' pajRagrs. 

Amphibians not only utilize gills and primitive lungs in respiration bul 
they also cxduiuge gases to a wry large extent ditedly ihraugh rAirt, 
w hich* so long as it is kept moist, may remain thin enough to serve as tile 
membrane separating ihr blfx>d from the surrounding iiir Consequently 
these animab can live only m mobt places* On the other hand, higher land 
animals^ in which an ellicient pulmonary' sy'stem is formed, arc not restricted* 
iKicaiise they develop a thick, rcladvdy dry integument which is resislatit 
to desiccation* Relatively incfficjent respiratory organ*, together with vari¬ 
ous other anatomical handicaps^ prev™t amphibians from maintaining a 
bod>- temperature independent of that of their surToundirigi. Since they can 
never be active when h is cold, they are oeduded entirely from frigid 
regionB, while in temperate zones, where wrlnier condemns them to hibema- 
dfim, they arc able to exercise srasfjfuil activity for only a part of the time. 

The problem of desiccation is also involved in the breeding hahits of 
.imphihiaos l>ecaiise tlicy hav'c not made the changes required of true land 
animab. In ihe case of reptiles, bird^ and mammab, the rmbryn very early 
hecomes enclosed in an amnian [Fig. 34Jp ^ hquid-fillett siic produced by 
die embryo itself. As this amnion persists until hatching or births the embrv^o 
is protected in liquid throughout its devclopnlciit- No amnion is produced 
by embryo? of lower vertebrates including the xAmphibia. The latter miisti 
thcrcforct gt> back to the water tti breed in most cases. A few* avoid this 
requin-Jiieiit hy various means [ Fig. 26)* Some tree frOjp by liidr eggs in 
rain-filled holes in Trees or pouches formed by folding 1ca>^. Others carry 
their eggs about in \tirioiis ways in ptiuclics or pits on the tsody, A few lay 
thrir eggs in very mobt pJarrx beneath logs or stoned. 

Furthermore, the m^tamojftkosis of such an amphibian as a fmg or a 
toad, neerfritated hy its emergence Imm water to land, work? profound 
rhanges both in iLs structure and m its feeding habits. T>uiTng lifetime the 
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Fig. 28. Cjitt of ynuiig amang AniphIbiiL a, itcMi nf ifyla fahtr bn] It of 

01 ud. [.'Vfici Jihjic^phnrux ui Jap^a in ujo^ 

ploution wilhin a bole m ^ mtiddv bimk of a .atreurn. The egp ane 
{irpuYiied in a nims of fonmy mumi, and w?is1ied oui toio the ttream 
twlow by tlir raiiL {After WiediifilieiiiL) a Gyoinophi-rmn, frhthyftphh 
giLurding hi cggi. (Aficr F. & F. SamiD,] q, the Irog"^ 

of Rtiropc^ ff&jfelrifjHj, llie Dule earrLea llringi of «iio»riied 

to iti Jijod lejifl. fAfter Ckipe.] e„ Hvla gotidii. witli eggs glued to back 
of Icvnuk. (Af^cr Ihriog.) N^tofrem^ pygmAennip femiitc with dor^ 
hit^fjd prtiich oouiainifi^ mily a few brge eggs. [Aficr branric* and 
ScJiocnit'hrTk) SSouili American taacb Ftps dnfugtra, the eggi dI whidi 
aic drpualtFd lo pltn gpoo the ipoogy hniJt of tlit femsie by itieuits of 
ttir c%'rneH clo^ica., thiii acrvci as oaipoHitor. TFicy remain lo the bac^k 
unril [he metamorphoui of the tadpote^ inio luty toads. (After UartlctE.] 
u, Rhinad^rma darwiniy ireTton nf head region ihnwTtig egg* cirrscd 
wilhin thr ^lora] the poailhifi of which wfiEU inflalrii is rqirncnlrd 
by the dotted drrlii, f After Wiedewheitn.) t, d^thfofeplu 
the tadpolei of ivhich are tnuisported to freth |kio[s by being attached 
to the baek of ihe tnaie. [After Bmierx) 


toad tdiangcs its diet six times. While in the egg it absorbs the stored 
within; then^ upon hatching, It develops a tcttiporar^' tnouLb and eats Its 
way out through the jfUy of tiic egg envelopes; next it becomes a free tad¬ 
pole, Hwimming about by means of a Hshltke tail, feeding mamly upon 
if^geiatmn found in the w>tcr. With the growing pains of its coming traiu^- 
formation it. loses its temporary mouth and along with h the appetite for 
\'egetab1e food. Tiny ^^d arms now sprout out through dita trt the skin^ 
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an<j instead of swimming about much the little toad sits quietly in iut shirt¬ 
sleeves and devotes itself intrcspcctively to the task of making its Iiu7 mi>~ 
stance tfvsr into more uscfLi] parts of the body. By this time cold weather h 
approaching and it goes into a long winter rctiiemcni during which its only 
food U a pair of ftit bedics, peculiar nutritive storage organs attached near 
the gonads in the body cavity and provided to meet the mlcrvetiing demands 
of hibernation. With the warmth of returning spring the young road, mcan- 
ivhilc equipped with a new mouth and a marvelous lassoing tongue, etnergea 
into a life of camivomus activity upon land, catching jfugr aud tiuecri for 
a living. 

It Ls not very difficult to ixcognlze amphibians, although by the uncriti¬ 
cal they are sometimea confused with reptiJes. It was Brogniart who in 180+ 
separated the .-Sinplubia from the Reptilia as indepcTMlcnt-dasacs, because 
the former Iiave fingers and toes Vtltlioui claavs; a scaldcss skin; rwo occipi¬ 
tal condyles on whhJi the skull articulates with tlie first vertebra; hind legs 
attached to the vertebral column by a single sacral vertebra; and young 
which breathe by means of gills. Reptiles, on the contrary, have claws; scaly 
akin; a ningle occipital condyle; two sacral vertebrae; and young which 
never lesfjrl to giU-hreathing, In common irith the reptiles, amphibLinA 
exhibit certain features not found In fishes, in eluding; (1) modificatian of 
paired appendages into legs; [2) modification of swim-bladder region into 
lungs; (3 ; two completely separate auricles in the heart; (4] development 
of a middle car cavity with a bone to transmit rabratioiiB from external tym- 
proiic membranes to internal car. 

Living amphibians of approximately 2000 species may be disposed of 
in three orders; GVUNOPHIONA. vrookla. and ATfUWA, To these should be 
added the extinct STitoocRPtiAia, or '‘Labyrinthodonts,” tnduding some 
200 species so far diacovered. 

(1J strgocephaliaxs, —The stcgocephalians, whosr ancestry has been 
traced by some biologists back to the lobe-finned crossopicrygianE, bear a 
rescmhlance to living ampblhiaus, although they disappeared ftom the earth 
before any known representatives of modem amphibian* made their appear¬ 
ance, This fact, as pointed out by Jaetel. is embarrassing when one seeks 
to establish them as the undoubted anccstorJ of the amphibians of today. 
The gap separating these similar groups of animals may sometime be filled 
bv the disctn'cry of intermediate fossil forms. 

The stegorephals flovirishcd in the swampy Carboniferous Period, along 
wUh giant rushes, mossta, and tree ferns, before there were any birds, inserts, 
or flowers, and when the warm slcamy sluggish alntospheie w-aa probably 
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heavily charged with an abundance of carbon dioxide. They have the dis- 
tiuctiou of being the earliest four-footed air-breathera on the earthy large 
awkward creatures with an armcr of «iale* on the head (Fig. 29), and with 
a brain so small that it could have been easily pulled out through the 
foremen magnum at the back of the skulL The reason for the name 
ucephaii" (i/egor^ roof; cepAa/oit, head) is that the sac of the skull by no 
means indicates the cnuiial capacit>' of these stupid beasts^ there being a 
large attic-Ukc space roofed in above the brain-case itself. 
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Tig. 29, Si^iytrrp halTan^t j exciDct primliivc ampiuhtam. a, dmj&ALbo- 
miu; B, Iltpiocauiui; C^4>fis^ u, Erj/pfis^ f From Xrwinati, Tkjf Phy- 
fuin Chutdata^ cpp^'nKhr 1939^ by permiasiDa of The MLJcmiUm Coni- 
pany, pkiblithcTf, After 


(2) g™ NOFi I K>N A.— Of modem amphibians the naked^ legless Gym- 
tsophitma are the Ica^st familiar. They include about 50 tropical specie front 

Africa^ South America, Ceylon, and In- 
diat which burrow in the ground, No 
foffiils arc known in this order. 

In appearance these animals resemble 
worms {Figs. 30 and 2Sn)p although pos- 
srasing a vertebral column of as many as 
230 vertebrae, and numemus other rhar- 
acteristies which place them umnistak- 
ahly with the Amphibia. 

As examples of the order may be ched the "blind caedlhin," Caeaff^ 
of West Africa, and Ic/ilhyopku, Ceylon. 

(3) URODELA (cauoata).-—U itKlclnt ajic nwis, mud puppies, and sala¬ 
manders. They retain their tadpole-liiic tails throughout life, and many of 
them never emerge from etslence in water, althougfi some do so^ living 



plutiuui, Ciufciiut, parth out 4>f its 
hiiTTw. {Ahrr F. fir F, Ssr^aiiL) 
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under Jitones^ ratten and in damp situations gencralJy* Motit of ihctn 
audergo a loetainDTphcisis during which the gilk me ]o$t but the tail retained. 
Some^ however, rclam ihcir gills and spend their entire lives m the water* 
^eciuTUT (Fig. Sl)j the mud p^appy of the Mksi^ppi River drainage sys¬ 
tem, b one of these perennibranck^^ so named because of their pci^btcnt 
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31. UrtKtelcs. ^yptohrmckus; b, Ajrjphiuma; c, N^cinms. 
(Frcmi Newtmm^ Thf Phyinm mpyraghi L939| by permiiskKi 

vf ^rhe MacniiJLm Gampui^f publiilirT^ After Lydrkkcr.) 


gills {pfTffnnif lasting through the year; branrh, gdl). Other urodelo areJ 
Amphiuma. the so-called “Congo Snake" of the Souihmi United States^ 
CryptobTanchiu, the **helibender*’ of the Ohio River Valley; Ambtj^ 
siamat the conunouest American salamander atid erne whkh has been exten- 
aivdy used for research in experimental embry^otogy; and Triton (Fig. 32), 
which includes both Eurapean and American species. 

Ihe ^black salanuindcr/'' Sidnmandra ainxt of Switzerland, » partku^ 
lariy adapted to life in the cold tumulituoiis waieitj of the high glacial streatm 
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whcrt h iivo. Its eggs, only two of which devckrp at one lime, aie prutected 
311 jd prevented from being washed a way by remakung within the oviduct of 
the mother, where they hatch and pass through thdr entire tadpole^hood, 
reaching a size large enough in iiuiiire their safety as independent aoimals 
before they are born inio the world 



tlig. 32. T nf«m mstatui, a urndciCp a, fcmilr; b, male in nu^iUol drm 

^Frairi N^cwriikLis^ T'ht* pkylu.m Chitrdma^ 1939, by pcrtni^^imfi 

of The MacmilliiD Campany, puJblishciTSh. After GadDw.j 


(4) ANuitA (saoentta). —^Vnoraiis arc frogs, toads, and hyUs, that 
lose their tails before becoming adults. They are the tiret truly vocal vote- 
brairs. Ollier amphibians as well as fishes, with the exception of thnsc which 
make sounds by means of their alr-hLidders, are sileiiL These quaint and 
cheerful singers^ nioneovcr, are the first anhnals with a lacrimal gland, and 
so arc enabled to wiat and to ahed trara- This does not mean that trouble 
entci^ the world fur thr finrt time with them* since tears and blinking arc 
primary adaptatiorui for ketrping the eyes of land animaU clean, rather than 
serving as machinery for the exprcffiion of the emotinns* 

The tnopi populous genus of toads in North America ts Bufo* TTicre arc 
many genera in other parts of the w<irld, particularly in Siaith AmenVa 
winch has a greater Auriely of amphibiaiis tlian any other continenL 

Some yeacs ago the Department of Agriculture in VVashlngton, tn a 
pamphlet on the economic value of the coiiunou toad, Buf<» 
e^mated that a smglr individual in a garden was worth $ 19,44 as an msect 
deHtruyer« With the changed value of the tlollar and ilir added c*M of living, 
this prerise governmental figure should no doubt nov^ be inereasedH Scaphia- 
piij is the American spadefoot loadL Bombmator of Europe is a famous 
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frrarlet'bellicd loiiti thutf escapes attacks oi stmks because its wanung coital 
is associated ^ a bad laste, as storks have datiovcroL 

The caoirnfinest genus of frogs is sev¬ 

eral species of which arc ffiuod in Etirope and 
North America. XenofiXis of Africa, and Pi pa, of 
Snutli .\nierica, arc miiirans of partkul^ ana- 
ConuCjii intCTTSt^ as wSl appear later 

ITie little tree Fmgs liave adhesive discs tti tJie 
ends of their fingcfB and toes that enable xhem 
whfm they leave the wtitcr to climh trees whcTT 
they conceal llienisi:lvrs^ persisteiitly sending out 
their vcnlriliXjuLstJC Lulls. Ammean genera are: 
the “cricket frog/^ Jew: the * Watnp tree frog*” 

Pjifudoi'TLS I and the commun tree lrog+ Ilyia 

{Fig. 33)/ 

Many amphibians ai^ remarkable for the 
ways in which Lhey care for their and young* home examples are ilUur 
traied by tin: sketches in Figure 2H,. 

4. Claxs REPTDJA 

There arc about 5500 sperio of ti\Tng repliteSt of which over 300 ate 
found in the United StaiesH 

Mliiough^ as compared with amphibians^ their Icg^ lengthen and 
strengthen* ^^reptilcs” (re/jMrr*^, to crawl) arc named with an eye to the leg¬ 
less crawling snakes. The group hicJudrs uoi only snakes hut abn lizanli.^ 
turtles, and alligators, as well as Sphenodon, a New Zealand genus contain¬ 
ing a single species. Also included Ls a %*ast cconpany of fonm now extinct, 
many of which wxrc gigantic, that dominated the MooOTie world through¬ 
out a dynasty' that endured for ages. 

Reptiles are the first true land vertebrates freed from the necessity of 
retumifig to the water to breed. “Things that before swam In the water now 
went lipoti the ground^* (Wiadotn of Solomon) * This saying is true even of 
alligators, certain tunic:!;, and water snakes w'hich^ ahhmjgh they speiul 
much of the time In water, come out upt-^fi the land to lay tlielr egg^. Each 
egg is Lwually fettiJijed and then covered with a shell wliilc still inside the 
body of the female. 

As mentioned ht the diacussiun of amphibiiuns^ each embryo of a reptile, 
bird or marnmal b surmimtlrd by un dmiiion during moHt of its development 
(Fig, 34). The asiormhingiy" rapid growth of any developing embryo netes- 
sitatca a protective covering for the rxircmcly ddirate celt and tissuo that 



Fig. 55* A tree frttgi -Wv^u- 

(Abi^r Dinkenoa.} 
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dt’}es not invoK'C hampering adapiationA for withitanding exposure to dry 
stir or mechsmical diock^ cluriDg tlidr tumtsltuoits muldplicEition. Growing 
embryos of fishes and amphibians have such a provision in the surrounding 
mediutri of water in w^hirh ihcy arc Lnimerscd, but reptiles and all other coit' 
querors of the land who cannot cradle their growing youngsier^ In opert 



Fig. 34* DlAgrauifi d 1 the anbiyonic menibriinfj?i* jautTiiim, alltmcok^ 
yulk-sgc uT amnkta. a, Sauraiuida ( reptile and birdsl; b* mjuiuniit whh 
primitive Eilluntoic pliiccnta, (Frcmi Kr^nmn, Tha Phylum Chorduia^ 
copyright 1&39, by permisaion of The MoiCiitilbn Cotnpany, •piibliahcr^. 

Alter Wilder.) 

water, depend upon a protective aittcuatal robe that the young embryo 
forms atxjuL itself. This is the amiiiuii^ a thin enveloping sac fflled w-iih a 
tcorttrd watery fluid in which the embryo floats. It may be fruly'saidi thme- 
lofe, that in a certain $cnse every vcftcbraie passes its early life submerged 
in water. Because all reptiles, fairtis and mammals baix an embrynnk 
amnion, they are collectively known#as Amniota; while aU lower vcrtcbralcs 
in which no amnion develops, arc called Ana^nia. 

In the cloMd amnion neither gilb nor lungs, nm even body .^lurfacc, 
can serve as ttspimtoT>‘ orgam. Hencej eontemparary with the amnioit is 
an aitantais^ an ouigmwih from the posterior part of tlie digestive tract 
which scopes as a temporary^ breathing and cxircting organ. 'FhLn emergenry 
organ, bearing a rich network of blood vesseb, gmws out into the space 
between the amrnon anti rhe thin, inner egg-shell membrane, or chorion^ so 
that through the latter and *bc porous cgg-Hhdl therr h effected the inter¬ 
change of gases betw^een the blood and the outside world essential to breath¬ 
ing and excretion* In the case of mammals^, the egg has no sheU, but develops 
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Into a that h parafjtji.a]]y attached to the utefine walls of ihe inother. 
The capillary-bden jtUaiuois, timiiiig into biimulc conUct Mith the nrhly 
vascuiarized wall of the uierLis by mterdigitations^ fonm the placenta^ It & 
throiigh this organ that the young aniinal breather and excretes until it is 
bom into independencr. 

Reptiles havx a rather thick integument with few glands and many 
rTCalcS- The lungs arc ii^itiilly well dev^uped in ailultE. The escretorj' uigaiis 
(metanephroq) nie of a more adx'anced type^ ihan those (mGsooepliniii) of 
fishes and amphibians. On the ends of the digits arc claws* The slctiU bears 
ridy one occipital condyle for articMlaiiun with the first vertebne, In modem 
species, the pelvic appendages are connected with two sacral v'crtebrae. A 
piirtial or complete partition tkvelops between the right and left sides of the 
t enlride of the heart. Ukc the lower vertebrates, huwe\Tr, they arc cold¬ 
blooded. 



Fig. 3^ Palaeozoic reptiles, a, Lafrr^i^JdrurbJ^ 

iiafAujj R rnammal^llkc nrptile; head ^jf Scymn&gnaihmf. a Soatb- 
AHcun ^dcig-romticd^ reptile; (Ffx^rii Newman, J^hr Ffryfunt Chffrdma, 
cop^Tighl by permiAHOU of lltc MacmiUan puhliihcn. 

After Osborn.) 


(1) Fimpftrr hephi.ss.^—E xtinct reptile with their fcsail remaim wrote 
a long and dramatic chapter in the history of living thinp npon tiie earth 
for modem man to read. SesTTiil cnlin: orders, the flying pieroiaurs, aquatic 
ichthyosaurs^ and tong-ncckcd plesiosaurs^ for example, bavep so far ax ^ 
known, left no living degeendants, but otheis have been the anccator^ of not 
only recent reptiles hui also birds and mammals. 

There arc more than a do^en orders of reptiles of which cmly four 
include tivUig spcdcs. During the Golden Mesomic of K*^ptilei| which 
lasted according to some geologisu, from 125 to 150 milliDn you^ thoc 
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ruling animals attained a girai div'cmty of form and adaptmtkm, eimbUng 
them to live in a varietj^ of habiiats. such as forests^ water, swamps^ dry 
land, and air- llie imaginatkm thrilled by a picture of the Afcsazoic Izuick 
scape with its wdrd reptilian population. Some of these ititangc ctuatur 
past precamcra da^-s are suggested by tlic fetches !n Figure 35. 


Fig^ 36i Varioiu atliQtt Kptitri, jelected to indiii^ie diverutf of foriTL 
They are nai ilTawn ti> a comnif^n ^eale^ bui art gigi^tntic m size. 

A, fWtiiTalSnfi rfcf ■ After Srnil,) », Tciltirarkin of 

FA/cct Briliiiaa.r.t hhthyomurm. {.-\ftrr tkirtyb&ziie^) SirgPjmtrujL 
(Afier ^fjiniEi,) e, PifToda£iylm. (.Afitr Seeley, but accoidiD^ to Abel 
rn iitcomfet -qiiMdrupcitd altitude.) r, Trtcr^faln^i ikelcEi>i]. fAfter 
fi. £rfinf 47 ^flrrruj, (After AfmLl H. rcnDinibn of Tncemiopi. 
(After Niihn/i 
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The cotyio^m^TSr or siem-reptilesj were iLe -earliest members of the group 
( Fig* 3 Sa)^ Stnicturully Lbc>’ closely resembled the most primitive of the 
Amphibia. In extemaJ appearance Uiey probably looked like the larger of 
onr lizards. 

The tfi^apndSy another early group, possessed certain features which 
Indicate they were ancestral in the mansmaifl (Fig. 35)- Their teeth were 
differentiated into the three major types: cutiing incisors; large, pointed 
canines; and grinding molariform teeth. Tlicir jaws also showed a trend 
toward the rruimmaHan pkn. 

The dinosaurj {Fig^ 36 b, d, and h), including many species which 
varied widely in appearance^ ranged in size from tiny forms about the rize 
of a hen to the well-known enormous species which were the largest animals 
ever to walk on the face of the cartlL Mmiv of these reptiles were probably 
bipeds, capable of raising themselves up on thetr hind legs for more rapid 
running* To coimtcrbalaitce the front patts of the body there was a long, 
rather heavy taiL The f ront legs, shorter than the hind were pro urn- 
ably used when the animal w‘as resting or walking 
slowiy. These bipedal forms may luive been close 
cousins of the earliest birds, both groups coming 
fionv the same immediate ancestral stock- The 
larged of the dinosauT^ were undoubtedly quad¬ 
rupeds (four-footed). Apparently many of them 
devdoped amphibious liabit£, spending much of 
iheir time in lagoons and swamps where the water 
reduced the weight which it wtis necessary for their 
legs to 

Of the repiiles which returued to the water to 
live^ the ichthyosauri {it:hthya^ fish; jowr^ lizard, 
reptile) were the best adapted to aquatic life [Fig* 

36c li. Th-eir paired appendages were flippers, mod¬ 
ified from typical tetrap 3 d legs. In general appearance they w^ere fish-like. 
Without doubi they bnrathed by mcatui «1 longs. As amnJatea, each of their 
embryos prraumahly developed an amnidn and an allantub and was 
Incapable of surviving if the egg was laid in the water,. A number of 
gpedmens Live been fDond with small complete skeletons inside the 
body of the adult. It is bdlcved, therefore, that these aninvuls were 
viriparuiis. 

Some of the bipedal rsiriy reptiles apparrntly evolved into flyittg spedes 
[Fig. 37), These were pterosmns (pmor wing). The fourth digit of each 
front appendage became strong and considerably elongated to support the 



Fi(t* 37* A prciTi^^aur 
(From Newmaa, Thf 
Phyiwm ChtndAia, copy- 
righl 1935', by pmniadmj 
of Till! Mjcanlllnu Com- 
pi^nyi jmblbhetik Aitet 
Osbom.) 
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wing> a fold of the skin. Just how miich of their activity was true Hying and 
how much was gliding is sdil problciruiticaL 

Modem surviving reptiles may be grouped into the following onirra: 
HHVNCUOCEFHAUA^ CfiELONlA, StJOAMATA, ami CBOCOUILtA. 

(2) RUVS'tiitDCEFtiALJA.—The rbynchoccphals, wliich include many 
fossil kinds, are represemed today by a single surviving genus, Sphetu>doii. 
or the tuatani of New ZeaiaucI (Fig- 1)- Thts iong-tailcd, iizarddibe 
animal usually somewhat less tliati two feet in length as an adult. Jn com¬ 
mon with the many cJtdnct species of this Order^ Sphenotion shows many 
primicivT reptilian h-attirca. It probably owes iissumval to its isolation in ati 
area where it dkl not'have to compete with mammals^ R.cfcrcnce has already 
been made to the median eye of this iutcrmhig "dlil curioKity shop" of 
ancestral peculiarities, and there will be future occasion to rummage further 
ill this anatornical’attk for sidelights of the vertebrate past. 

(3] ciiF.LONiA.—The chclunians, or turtles and tortoUcs, mndifirfi “rep- 
tilra in a box ” arc unusual in many rrspccts. Their internal organs, in both 
shape and arrangemeut, -are adapted to fit into a short, broad box formed 
by ilic vcniral, relatively flat plastrttn. and Uie'dorsal, more or less* curved 
carapiit£. Ihb sllcll consisls of bony pbita covered over with large, -ifim. 



A 


Fig, 3B. Hclaiiia, a, DnmufMn {Sfitmfiif) Imher^bark 

turilci a, CHitydfa ittpmtinit, Miappiiig lartlc. ‘From Nesntnan, Thf Fhy- 
ium tUinidtUD, copjTight 1&39, by jiennutkia uf TJie hlacniillaa. C^ui- 
paai, publiihm. After Lydckker.) 

homy seatcii. Tlic trunk venehrae are attached iii a row* of these plates nin- 
niiig drjwn the midtlle of the carapace. Consequently the only flexible pot- 
tion.s of the vertebral column are the neck and tail regicEns. These two 
regif>ns, together with the four leg^ *may be withdrawn beneath the shell 
into a place of protection. Turtles possesa toothless jaws cnca-wd in homy 
beaks. 

A few of the genera of turtles are: the 'leatherhack,** Dertnofhelyi 
(Rg, 38); the “loggerhead,” ThiUsSsochilys, which cruises about in tsall 
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^id m^y atlaiti a wright of scvienil hmidncd paunds; the “green tiir^ 
lie/* Ck^tonm m/fifiU, also a se^i^ng aciimd^ prized as food; (he ^^snap 
pcis/^ Chelydra (Fig. 3^J| and Marroch^fys, the iaiinr of ^hieh Im ^ bite 
powerful enough to amputate a fcMJtr the "^box lurtle/' T^rfapen^, dutt is 
able to withdraw ti^ head entirely wiihijci its shell and to dose the door with 
a hinged lid; and fznally^ the snifill beatidfuliy ilccorateii '^painted lurdc," 
Chrysemys. 

America of ah the consents is pairicularly rich in cbelonial tohabitan^^ 



Figj. WaU T^r^nioia 

fnaiiitCitni^d, jt Imp-ftdiMU (From 

Kcwnijiii, Thf Phyium Chnrdato, 
cnpyH^t 1939^ fey pcrmiagkai cJ 
llir Macmlilm Company^ pub- 
liiTicn. After L}'dckker.J 



F1^. 40. An Indian tizAndi 
the "’"Oying dragoiL'^ 
(Alter HildieirTttrH) 


(4) SQUAMATA.—^The sqimmatcs are TTptilcs dothed with a great mim- 
ber of regularly placed scales which cannot be separately detached like 
the scales of bony hshes but Jitc connected together into a continuous arm on 
They comprise two sutscirders: the lacertiua, or lizards, and the o^HiotA^ 
or snakeSp distiTigiiished from each other by the face that the former 
have movable eyelids, visible carpiis and usually lc<?s, while the latter 
do not. 

The lizards are typically sun WTushippcfs, dweMltig in rtginm of much 
sunshine, and for the most part avoiding water, A notable exception h the 
water lizard, Amhlyrhyit^hui^ winch ts an inhabitant of the rocky shurc$ of 
the Galnpagos Istauck. 

The “gcckoKt** of the Malay region and the Mediterranean countries* 
have adhesive toes that enable them to clamber about with great agility 
after flJs and other insects in trees and upon the walls inside of houses (Flg- 
39]* The **Rying dragon'* of India. Dra^a (Fig. 40)^ is able to volplane 
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£rom hrancb to branch of the iree^ that it inhafaiiSj by means of a capdike 
expaimon of the skin down the sides. 

Iguana is a large arboreal Mexican ihard of fierce aspect but harmless 
habit whkh is regarded as good to eat. The gtaat of them all Is the rare 
Varantis kamoda^nsis, the ^^dragpii'^ of the East Indies, which may attain n 
length of twelve fetL 



Fijf 4K An African lizard, Chamfleont wlikh hai a long exteniile 
longui* juid u fainrwi fer its pown- of changing color* (Afur HiLe^ 
hrinicT.; 


The ‘'chameleon," CkameUon (Fig. 41), has a prehensile tall and grasp¬ 
ing feet and Aannia a Joseph’s coat of many coikkis. It h a native of Africa, 
although its name is sotnetiniQ cmittcotisly applied to thr littk American 
Anelis (Fig. 42) of changeable colors that iohahits the cane fidds of the 
South and preys upon the Insects which arc aitcacted by the sweet juice 
that oo;tcs from the cane. 



Fig. 42. An American '‘cKameIcnn,'’ .dnoJir.. (After Dltman.) 


The ‘*glass Slake," Opfiisaurus of the Old World, and the “dow worm," 
Amphiibaena, are iegics lizards. 

Ill the desert region of the southwestern United States are found the 
■rroteaque ^’horned toad," Phrynosoma (Fig. 43), that h called a toad only 
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by the undiscrimmatmg, and the ''Gila monster/' Helod^rrm (Fig- 44), an 
ugly blade and orange beast, with a large round stubby tail, which is the 
only lizard whose bite is venomous. 

The serpents are the legless snakes^ described bj- Ruskin as "a wave hut 
without wind, a current but with no fall” They walk upon thdr numenaus 
ribs, or ''jerk themscU'os forward 
by a rapid straightenmg of their 
sinuous cuTv^” (Thomson). The 
cuiicius arrangement of the iii* 
tcmal organs of these creatures 
has a direct copnection with ihcir 
extcmal architecturr. 

Most mates have few human 
friends, in spite of the Eaet that 
meat of them are beneficial ani- 
mak, feeding largely upon in¬ 
jurious insects and small rodents. 

They have suffered vicariously tixiin an unsavory reputation evtr since one 
of their number was reported to have taken part m the origmal cterttal 
triangle ptay in the Garden of Eden. 



Fig. 43. The *^hwmcd toad " Phrynorntrm^ of 
the dCBCft Tepnn qf scuLlhn-'ctlerp Uni ted Statei^ 
It il n[)t a '^traad” but a Uzard, (Fmai Hcgncr, 
ColUge copyiis^ht by prtmb- 

abn oJ The Mucniih^ Coinpaiiy, pubhah-cr^ 
Aficr Gadi^m.) 



Fig. 44, ^Gila moiutcf the only known venommu Ikanl 


Of approximately 110 species in the United States, less than 20 are verb 
rmtauiL The most dangerDiui of these, ^ far as man is concemed, are the 
several species of rattlesnakes in the genus Crot^tu fFig. 45 j; the '^copper¬ 
head ” Agkistroilon m&kasen. and the "water moccasin,” Agkbirodon pii- 
dvofus^ oi the South: and the "coral snakes," jlfiVrhfur, also of the South. 

The “black snake/* Cotuber; the “puff adder/' H^Uroden; the *'milk 
snake,** Lamtiropdthi and the "gaixer snake/' Thamnapkisj are among the 
amimon harmlesa varieties. 
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(5) csocouiLiA.—I'he crocodiles me. in a number of respects, dte nicst 
advanced of the repdles. Their lungs arc ^ry elHcicnt orgims. Their bean 
has two complciely separate ventricles, 4 condition found alsri in hirds and 
mammals. The brain has large cerebral hemispheres. The Crocodilia include 

the crarediies proper of India, China, 
Africa, the Malay Archipelago, Central 
America, Mesdeo, and the semthcastem 
United States; the hroad-snouted aUigat^Tt 
of the Mississippi Basin, Florida, and Clilna 
fTig, 4t>) ; the fuimans of Central and 
South Aincrica j and the nairow-anouicd 
gatfinls of the Ganges in Inflljt. All are in-* 
habitants of tropical or semipica! coun^ 
tries and, though clumsy and stiff-necked on 
land, are quite at home in shallow water, 
where their powerful laterally compressed 
tails enable them both to sw'un forward and 
to strike powerful sitle blows. 

5, Class AVES 


Fir, 45. Tckiu rattlemiikc, Cffl* Idrds, of which there are perhaps 

fatal. lAJtef Rtejrtrgrr.) 15,000 species, have featltcrs. This one coo^ 

spicuoiH characteristic suffices to identify a 
bird, even to a child, for tio other animals have feathers. The vortebrsLtc type 
probably reaches its highest diflcicntiation, m certain direcLiana at least, in 
birds, and for this reason It u not at all difficult to find marry other dis- 
Unguishutg characteristics, aside from feathers, m this familiar and mufti 
studied class of anima l?^ 



Hg. 16. AUigotor. 


The secret of the anatomical pcciiliaritia of birds lies in their adapta< 
lion to flight. Speed ul animal locomotion culminates In birds. Tlic same 
cnmbinalion of organs which converts a Dsh into a living submarine and 
adapts a reptUe to a life of continuous contact with the earth, transforms a 
bird into a flying machine heavier than air. 

The skeletal framework of a bird, comparable hone by* bone with that 
of other vertebrates, la comparted together, thus affording the smallest pcs- 
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stbit bulk lu pdas tbrou^h the air, although tbr juHa£es of individual Ixuics 
remain jtiativtdy expanEi\r for ihr altachtneiit of gmailv developed tuuacles 
cjf i1u(hL, ‘I'lie surfaces of the brcasibone, the humeral headsit and the sacro' 
peh'ic complex particularly, are increased beygod diotse of other vcrtcbralns- 
Every possible part of a bird is transferted from the miHlsmical subirrlss into 
the compact urban distnet of the body'. The beaviesT parts hauK luiitath the 
line of support joining the uing-sockets where the power is applied in IlighL 
Cduudderable weight is shifted from the periphery tti the center by minuts of 
die replacement of heavy dense teeth, cominorily found in the hrat! of otiier 
vertebrates, by the light homy beak, while a lough musculaf centralized 
gizzard, containing powerful grinding stniita, does die work which ttirth once 
did in ancestral birds- 

‘Hic cumbcTEomc trailing reptilian Uiil is telescoped into a degenerate 
skeletal stub, thus centralizing weight. In place of it a secondary tail of light 
air-rcsjsting featbecs is added as a rudder m flight. The presence in hlrds 
of a bony tail, compocicd of ncveml foreshortened vertebrae instead of a sin* 
gle bone which might better have served os a support for the tail feathers, 
is one of the numerous evidences of repdliaii ancesiry. Indeed someone lias 
happily described birds as “glorified reptiles," 

The bones of a bird are not only compact but art also lightened and 
adapted as parts of a living machine, by being hollowed out to the limit of 
meclionical safety, Fiuthcnnurc. bodily weight is porticiilarfy coimterbal- 
auced by the development of numerous air sacs that grow out from the 
lungs, occupying all available spaces between the imcniol organs and 
extending even to tlie cavities of the hcdlow bnnis. Feathers, which clothe a 
bird, hold a blanket of enveloping air next to the body, that, since it b 
warmed by the Imdy and is consequently iJian the surrounding air, 

adds suntewhat to the bird’s buoyancy. 

In addition, the large intestine, paTtiatlarly the rectum where the feces 
are carried, is very much reduced in length. Since flying animals can ill 
afford to be weighted down w'ith any excess fecal baggage, birds, having no 
suitable provbion for Its storage, promptly get rid of it. 

The entire support of a bird’s body devolves upon the hind legs alone, 
leaving the fore Icga free to serv-c os wings. The wing is composed largely 
of feathers attached to an arm teiminttlJng m three reduced and partially 
fused fingers. As a cnnsequeiice the forelegs, or arms, which arc modified 
and ruiirely givTo over U» flight, roimot be used for the capture and manipu¬ 
lation of food. The head, therefore, is ncccsrarily not only perisropic but 
prchenfiilc. being mounted upon an extremely flexible neck and equipped 
with a rnrcep»-like hcak for picking up food. As a retuU the remarkably 
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tievelfipcd cy^. locateij on cither side of ^ btrd^s beak, arc much nearer thdr 
objective than Lhc eyes oL any other wrtehrate which reaches for its foixl^ 
The excessive activity Itntilved in flight is provided for in birds by a 
relatively larger heart than other animals po®cas, as well as Ixy a particularly 
cJTcitive respiratory apparatus^ whieb 6u increases the warmth of the body 
as to render it camuiiitii rc^^dli^ of the snrraundmg tempeniture^ Birds 
are active^ therefore, the year around^ iti cold as in warm weather, never 

becoming sluggish or obliged to hibetnate 
**cold-b1cjcjded"* animals do. Enabled ordi¬ 
narily to rise above the handicaps of tem- 
pemture aiid climate, when occasjoii tie- 
mands they tesort by migration to distant 
and more crnigcnial lixralkics. 

Thert arc two subclasses of the Aves: 
(a) ARCHAEORNTTHicg [archne^ old, primi¬ 
tive; emithes^ bird)t (b) NF.ORNiTHSia 
new)* 

1. Stihckss ARaiAEORNlTHES [Pdii^ave 
Birds) 

On account of tlieir light bones and the 
rapid disintegration of their htidics after 
deaths birds are not subject to fossilizaticn 
except under the most lavomblc coniiiticma^ 
and do not, thereforei present io extensively 
recorded a story of past aduevements as 
Fig. 4X The olden knawn hird^ reptiles. 

Arcfwitfteer^x^ dm wing teeth. The earliest known trace of bird life 
liaStMcith*^ and II limrd- 

iDte tail. The Berlin spccunox i . rl. 

{After Fiuker and Haswdl,} ^ the Jurassie date quames of Bavam* 

This unmistakable fragment date3 back 

the middle of the long Age of Rcptilos, cons before Tnammais had arisen 

to become a power upon the earth. In splitting up the fme-grained 

lithograpliic siouc of the Sotenhofeo deposit Ui Bavaria from which 

this priceless feather came, there were found nJsa at (Efferent times later 

two entire .skeletons, crushed fiat and embedded in the ^latc, of the aamc 

kind qI birtb that doubrlt^ poxluced this famoits tail feathcr+ Emm these 

slight bill eonvineing remains, the spccitis of this oldest of all known birth. 

wns named Arrhaeoffigtyx lith^^gfapkic^ fEig^ 47 and 4fi). ft was alK>ut 

large a±i a crow* had lizard-like teeth seJ in sockets m the elongate jaws, n 

Jong unccntralizcd bony tnil bearing two oblique row's of fcatherSp a fiat 
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sternum, three fin/reis whfi claws tenninatmg each wing instead of one daw- 
less finger as modem birds bavc^ attd fealhers. They resembled the small 
dinosauia so dosely that only ifae presence of 
fcathcis has prcvcmed them from being placed 
among the reptiles. 


L Subclass NEORMTllES fModm Airds} 


The ocomithes include all present-dav birds 
in addition to a number of extinct lipccics which 
itscmhlc modem birds in most respects. The 
rhallt beds of western Kansa.i. wfaich were laid 
down at a much later dale than the Bac*ajian 


slates of Jurassic times^ have yielded the fossil re* ^ Rcsioratioo of 

roams of octroct birds miih U0th, lor example, Ncwniau,Tks 

Ichtkyomist in form resembling a tern, and Hes- Phyt«m Cltorifiita, copyright 
peroTjiis (Fig. 49), a flightleis loon-like water 1^33, by pcnniainn of "nic 
bird, of which over a htmdred spedmens have 
been found. Excluding the toothed ancestral birds 

of Kama% modem birds may be divided, according to flying ability, into 
two unequal grouiWp ^AnrAE aiul CAtti^ATA^ 




FiK‘ A toothed foon-ttke bird, ffiff* 
witlutiE a keel oa the breast- 
hone. Fitpm funu tkilk bedt. (Alter 



F^|^ 50. A primilU-t winglcis borrow- 
in^ bird^ from N>w Zca- 

Lifld, {Dmwti Irofo a t^KretiiiEii in 
tbr o^Tlrctkm at Brown Utiivmily.) 
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Fut. 51. A giatni “moa," 

ptifj fttitn a Tnmmtcd ipfrcimcii 
njililrm feet in In ikc €%- 

liiblt of tlie CovcTTiTiiefit lyf Sr^ 
^e^loiKl tit the Panama-Pacific 
LxposJtJDD* 


The ratites^ fioni- of which are indigtn- 
oiiB to North America., arc. Jlighiiitst nuinmg 
hirdi that have powerful [cgs and small 
wing:^ They include o&triehc;^ cassowaries, 
enjiii, rheaSf and tlic mriDua wingless rip- 
teryx, or “Idwr" cif New' Zealand ( Fig. 50) , 
that, in the absence of ability tn escape by 
Oightp has sur\Hi^d the perils of a hustile 
world by burrowing in the ground. 

In New Zealand also, a laml of special 
interest in the biologist* have been found 
abundant fnsstl remaina of Dinomh^ the 
largest of all krmwii bird% commonly called 
the "moa” (Fig, 5|)* which reached a 
height of at least Ifl feet, l! is likely lhal thjA 
species of gigantic c^rich-liic bird has ht> 
c:omc extinct w^Jlhrn the memory of man foe 
when the whiles first came into cantaet with 
die native Maorhi of New Zealaiid they bad 
legends about tiiese birds that had been 
handed <bwn to them fnmi their Fathers. 

The carinates are flying birds whose 
wide btea^tbonehas developcii an espanaivc 
keel, Of fffrtfta, for the attarhmcnl of tmis- 
cIes of flight. Ribs made up citilrcly of iKmc 
hold the breastbone firmly in place. 

Aecording if> Gadow of the British Mu¬ 
seum the carinates comprijic ihinecii orders 
M named bcinw, A few mure or Irm fa¬ 
miliar examples are gT\Tn to represent each 
order. 

b COLVMHTFORPiiES; Icxjns, gurbeis. 

2. srFiENisoiFdKxiF^: penguins. 

3. pttOc^LAmTTORM.ESrt>ctri!b, albatrosses. 

4. cncoNUFomM^^i pelicam« herom, cox- 

morarn), flamingos, stitrkj^. 

5. Af^sERf formes: ducks, ^an». 

6. FALooNiFURKEs I vuttuiei, hiiwks, eaglffif 

condor*- 
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7, TLNAJrilFORUL^’ dlliimciUp 

&. CAi-UrpUMii^: lurkcys, fnwl^ quiiiJ. 

9i GRiTTfjRadES : raUsj, and other marsh hirtk. 

IQ. CHARADKiLroiLMiLSiT pJovEi, ^andp^pcn^ and nihcr shore birdis, gdJli^ irms, 
auks, pigeons, doves, 

1 1 . cuGULi£ORU.RS * cudtMS. piirnm 

12. cofiAcaieoititfiis: kmghshm^ owLij \vliip*poor-wills, mU% hurmiiing XAvd^ 

woodpeckers. 

13. PASS£JuroR3dE&: ftjxaiiJicrsj spano^irsj swalJDwSj ^ireosj ’^vrensj nuthatches, 

Jongiets^ thrushes^ 

6* Class MAMMALIA 

Mafnm^di [Tnamma^ breasr), of which there are about 15,000 spedcs, 
are perhaps leas ipectacuktr anatomically than niptilcs or birds, hut in spite 
of thk fact they have cottie to occupy a domltiaiLt place among the ^tnte- 
brates. Mammals emphasize a new note of cooperation not discoverable W 
any gnrat C3rtcnt in the universal competition that dicwhtre characterizes 
ertatinn. 

'rhe first mammals to appear on the eanh were small and insignificanl 
contemporaries of die gigantic reptiles of the Mesozoic Age. M long as huge 
camiVQPQu^ dinosaun^ held isway, ihr small ancrs^tral mammals^ which wot 
probably largely arboreal In habit* kept out of the way and bided their time^ 
Perhaps thev inmened that time snmewhat by leeding upon the egg? of 
their temfying enemies w-liik eluding capture Lhcmselvo. At any rate Jt is 
certain that in the long struggle for a "'place itt the sim^” it has been vvjts 
r^Lhrr ihm brute force dial has enabled mammals to otu-diatance com^ 
petkors. 

No doubt the mechanic which irMures ^"warin-bbodcdncsB/' that K a 
constant bodily kmpcjuluir- independent of changes in the surmnnding 
aUnDspheie, has much to do with the conquest of the earth by mammals. By 
reasdo of tbis Important characterEslic they havT l?cea able to establish them¬ 
selves not only Lhroughput temperate areas but evcii in dry deserts and 
frigid polar rcgiam. 

While the highly specialized birds have sacrificed c very thin tr to develop¬ 
ing the power of locomotion by flight in air* mammiils have chosen the 
belter part of impruVTment along the lirie of the oervoim system, especially 
in the considerable enlargement of the very rniportant cerebral hemisphcrrs» 
Achievement in thia direction ims undoubtrdly been the greatest of all fac¬ 
tors in detennining ilic present suptemary of the mammalian type* An 
urumiat amount of plasticity and versatility is exhibited among mamiiLab. 
For otample, they ^'ory in size from a field mou^ jicatecly more than an 


5® Biofog)" of the Veriebnttes 

indi in kngih, to whaiirs which may attain a Icngih of over 100 leclj or well 
aver 1000 inchsp 

Mamiriais are variciusly filtrd For successful life in such diverse habitats 
as on the land (deer}; In water (oiters) ; in burrows {gupheisj; iiitd^- 
ground (moles); in open oceans (w haJesJ; in forints (monkeys); and in the 
air (bats). 

The most important characteristics of mammals arc: 

11 ) Milk Glandi, providing food for the more or lea helpU^ ymmg for 
some time after birth, Masses of milk glands (breasts) have given 
U5 the name Mammalia. 

(2) Hmr^ almost as typical of mammab a* Fcatheis arc of birds. Occurs at 

least in embryonic lifc. 

(3) StL^fni Gl^inds. One interpretation h lhat certain sweat glands became 

modiTicd into mltk glands. 

(4) Enucleaie EryikTo^jU^, The red blood cells are without nuclei wlien 

freed into the blood stream. Nudd, present as the individual celU 
form, arc extruded from them w^hile they- arc still in the blood- 
forming tbsius. 

(5) S^mn C^Tvicat (NcckJ Vertebrise^ in aB except a Few pFpecles. 

(6) Muietdar Dhphrf^gm^ separating the thoracic cadty, cDntaJning lun^ 

and heart, from abdominal cavity, 

(7) Differendaiwn of tfu Tteth into three major types (cutting tncison^ 

piercing canines, and grmding molars and premolam), a conditirm 
foreshadowed in the thcrapddiS, the early reptiles from which mam- 
mab arose. 

Additional chanuricrbtics will be considered during the discu^ons of 
the various organ systems. 

Living mammab may be arranged In seventeen otdeis, which fall into 
three siibclav^rs: PitOTtrrEfJiHiA^ METAtiiznjA^ and Etn-HESM. 

a- SubcJji® PROTOTMERLA 

Order Monotremata.—The. prototheria [proio, first: beast) com¬ 

prise a singlp order, mciso^kmata, of which only three genera are Hvtng 
today, namely, EtrkiJnf^, Procfhidna^ and Orriitkorhynchuj. The digestiv'e, 
LirinaTy, and genital fivstems empty mto a cloaca through w^hich all of them 
communicatr w'ith the outside by 4 singlt opening (mona, one: Ir/ma, 
opening). 

Mnnotreinrs arr. eiirious cxeeptioiial mammals IhaL lay rtlatlvdy lafge 
yolk-lacirn eg^. from which the y’oimg air hatrhcfl instead of being bom 
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alive in ordinary mammalian fashion* Ornithorkyn^hus mtuliat^^ iis Jcatli- 
cr>-shdJcd eggs in a iihallovv nest of grasses. whUc Eihidna fomis a tempo- 
raiy^ pouch fixitn a fold of the skin upon m hclly. In Uiia putable n^i *hc 
newly-laid egg is pkeed and inrtibated until hatched and the lielplcss off- 
spring kept ihrougb the pifcarious days of its early growth and development. 
The young Echidna is fed upm a mitritioiis substitute for true milk, secreUrd 
by the mother from modiijed sweat glands, which it licks up with it& long 
tongue from tufts of hair ou the belly of llie motlier. JSo nipples arc present 
and if they wm: tlir baby mtjnotreme would not be able to auclc, since it* 
lips are prolonged into a homy toothless beaki not at all fitted for the muscu¬ 
lar operation of sucking, but tificful later for poking into ant-hills after food. 



Ft);> 52- T!ic “duckbllL” 

an AuKintliiui monoticmc wfili 
wchbed toci and a duck like hilt (After 
Beddaid,) 



Fig. 53. Tlie spiny aateaier^ EcA- 
a monolrrmr (Fmifl Nfw- 
7'Ar Phylum Cht*rdaM, copy- 
righ* J939, by prcmi^kiti of The 
Mnonilbu Canipaiiy, ptiblklicrE. 
Alter Vop iifid SpediL 1 


tn OrnilAcfrAv’AcAuj (Ftg, 52 J the beak m large and flattened, giving 
fisc to the name of **duckh3r" for this creature* a name all ihc more appns- 
priatc because U lives much of tlie lime in water and has feel vrith webbed 
Iocs like those of a duck. The ^^Incrcdihle duckbill'^ is a UAtivc of South 
Australia and Tasmania. 

Erhidna^ the spiny imteater (Fig. 53Is found in Australia, Taamania, 
and New Guiuea. 

pTo^chidna, distingiibhed from Ethldn& by an umisuaUy tong snnul that 
giv'TS it a "'ndicutaus irsembiance to a miniature elephant,is cozifined to 
New Guinea 

bv SubeJnss hlFTATIfFRIA 

Order Mar^upiaha.^—The metathcria after; lAer, beast), com- 

prishig the single on3er MAii*uttAi4A, are primith'V, or pofisibly degenerate, 
mammaU whose yming, hum prenuiturdy in an cAtfemcly hrlpl™ condi¬ 
tion, are fed upon true milk and carried about in a prrmatiitnl brood pouch, 
or marsupmm. 
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At first the yo^mg veatpocketed arc uiiahlc to cxerdse the 

iiec€saar>' mustiiilar elTort involved in laidtin^, and arc scennety attached m 
a passive way to the nipple by mcani% of a sphin cter-like mo nth I Fig. 54 ), 
while the female expresses milk from htr mammnrj' 
glands dow'Ji the thnsat of the helpless fetus by the con¬ 
traction of the abdominal tdubcIcs, Later on, as develop* 
ment advances, the young maninpial draws hs mdk in 
the orthodox vvay* 

Osfjom^ m The Age ef Mammiib^ catalogues 76 
genera of itmi^upiaUof whiidi 37 arc extinct. The livii^ 
ones, excepting ihe opossums Diddphyj of Norths Cen- 
trill, and South America, and of Ccotnal 

Amcrita, are confioccl to the AustraHao region. Extinct 
Eoceiir genera ranged over w hat is now Eurnpe, as wdl 
as iKiih Ammcaa and Aiistratajua. 

It is cortKidcred probable that the errigin and spread 
of marsupials occurred fief ore the undent land bridge 
that joined AuatriilLi to Soulh America had disappeared* 
Those forms which became bob ted at ihiii time in the 
maisiipiaj Ark ol Aiijitraiia were iiftcrwacds ahic to con¬ 
tinue their handicapped existence wkb comparative 
success, since they were not bruiiglii into competi¬ 
tion with ihe true niammak that developed later on 
the other great coiithtcntal area.’?, Xian's Iniroduction of cats^ dogs, and 
eweiahy rabbits into Australia ha^i probably dcKuned many, if nut idl^ 
lipcc jcs of rnonplmnes and marBiipial^ of that continent to cxtinctiDn. As id 
America, a lew species may be able to sumve. 

it IS a striking facE iJiat iiot only all the native mammals cif Australia 
were monournics and marmpbls. hut also that the latter became diveraified 
in much the same way as tme mammals iniq different type^ adapted to 
various habitats* The ""koala"^ is a bcar-like foim Species rescmhJuig w'olves. 
hyenas, cals, niltbitB, jumping mice^ woodchucks^ moles, flying squirrels, 
and mice are also found in this Order., The kangamo^s, Afacropus; bandk 
COOLS, Petamettfi and opceisums^ Diddphys and Caenete^tes^ arc marsupiiils 
that suggest roiifitns among the true mammals to a less degrccn 

Stfjmc of these nmntupials arc represented m sketches in figure 55, 

e, Subeliu KLTHERIA 

The eudieria {eii, true; itiena, beasis) inrlitdc all the <Jthcr mammaJs. 
frequently termed "placentals^* bec^ufe the)* are characterized by the pres- 



Fig, 54. A ynuug 
nijnupij.h ,Smmtkn- 
fii$i with iti AOiiut 
gripped by the eap- 
Likc mar^tipiiif 
pueJedt and the nip- 
pEe f rcpmeuletl in 
IjLnck) emvffrUd far 
dyirn Ihc throji:. 
[Afier UroslAu J 
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Fig. 55. Maraijiials. *, Viiginia (iposflun, Didtlphyt uHginjdfHr; h. lodi 
wjJiMby, Halttuiiutiu, ^ kpn^rfut: c, fHtivc cue. Daiyurut; manupia) 
tnole, NttoryelfSt B, kiulfl. or tnatjupinf bear, Phateattarltu, DnryUtg 
fAimg oo back; f, I'AinMniAa woMt rAy/itdiniu; c, wombat, or mor-' 
HipiBl woodchai-k. TOdJca/omyr. (All front Xcwiaan, Tke Phylvm Char- 
4 /«ra, copyright j$39', by pcrrnissibit of The MactnilUxi Company, pub- 
Ibbcn. A and n, after Vc^i and Speebt; c; E, aod F, after Brclun; d, alter 
Bediliird; o, after Lydckkcr.} • 


cnee of a frlarmla, formed where the cnpillary-ladcn aflantois comes Inio 
intimate totlLict with the richly vasciitaiized wall of the uterus (Hg. 54 )>■ 
Here iiitenligitatiora of the aHanlois and uterine wall bring the (mbryonic 
and toatemal blood atrcsims close together, Acmsi the thin ntembnuic* 
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which separate the two hbcid strcaim oxygen and XtKid pass into the hlood 
of the embryo* and waste producLt from the Mood of the embryo to that of 
the mother^ In this manner the placenta forms a fujictiaiia] connection 
between the mother and oflsqrring throughom the long preparatory life 
before birth. 
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Fn. 56 . Imecthwef. a* Tuffeie, ihe nee shmr. con^idciEd by ad>om 
MM nejir tfcr form of all high pbiienial nrammoJi; b, gald^ 

ttoK ChtyiaMorn. tfroin Ntwfoim Thit Phyiam. Chtirdata^ c^pyriiht 
1&39* by pamiiuoD of The MdcmiHau Ctjjupany, pubikhen. after 
Chbgrn; b, alter Ciintlier^J 

Airangccl according to the degree of specialization which they exhibit 
from the most generalized to the most aberrant fcninSp the orders of living 
pbeentah ate: iksectivorah dejimoptera, cifmoJ-TEJu, cAHNwoRAf no- 

EiOtTlA, PRIMATES^ EDENTATA^ PMOLIDOTA, TUBOUtlE.STATA, PftlUS^OnACl- 
TVt-A* AETrOI>At7rYl^, PROBOSCHJEA, lIVRACXKDtSAr StRKStAj and CETACEA- 

won! of rdentiheation and comment about each of thr^ orden of true 
TT^ammalx^ with examples of a few representative gtnera, is essential in 
tuunding out a roll call of ihe vertebrates. 

(I) iNSEfTTWORA-—The inscctivorcs (rorare* to eat) mlsist krgdy 
upon rnsccts- hence their name- They arr moEitly small, sliariHmcmted 
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^Loiinals with towskiris noctumal or subtfirrancAH Jile. They indude 

am ong other genera: the E^opcan hedgietiog^ Efiftacffus^ the rnDlea >^Fig» 
56b) of which the common mole of ihc eoitern United States, Sc<d 0 pus^ 
and the peculiar sLar-nosed mole, Condy* 
fura, as w-rll as ScapuH^ ol the Pacific 
Coast, arc American geneni; also the 
.shrews^ Sorex^ ant! the short-tailed Wirrmn^ 
both North American represrntatives, A 
few, the tree shnrws (Fig- SGaJ, have n&* 
ulned the primidvr: mammaliait habh qE 
life In the inecs- In a number of respects the 
anatomy of these tree shrews indicates that 
this group is not far removed from ihr iil' 

^rrivnre slock which was probably ancestral 
to the Primates. 

Osborn names a total oF 45 fossil ami 34 
living genera of iosecrivorts. 

(2) URRMOFTERA-—Thc dctmopicrans^ 
which are wiihuul foeril rtpresentatkin, are set aside m an independent 
Order, although it consists of bm a single Genus, GaUopithftus (.tig- 57). 
the “flying knnir'* of the Malay region that fe an anaioniical ctinncctUig Unit 
lictwccti mKecti^-orcs and bats. 

(3) ciirBOFTERA^—Thc chiroplcrans (eAre, hanil{ wingj^ or bats, 
are Tnammaltan avtaion, rather helpless when not on ihc wingi whii h fly 

about at twilight by means of oionnously 
doiigated weblied fingers. While the er¬ 
ratic flight tit bats is by no means as aus- 
talnrd as the more powerful flight ol 
birds, yet, aided by extremely responsive 
sense oigatis, these treatures are uiuur- 
F*f. 58. -'Ui kiueciivorum fast. Sy*^ passed in avoiding obstacles while bawk- 
nit. (Alier Vogi and Speebt.) Qjg insects in the crepuscular tiaflic of 

srmi-dacimess. 

Thc food of bats in general, and of North American bate in partiailar, 
consists practically of riiBecis caught on the wing fFig. 58)* In the Old 
World tropics the habit of eating fruit has developed on the part of certain 
large bate called "fiyiiig foxts,*' that Uve upon guav», and ^ilar soft 
frulls. 

Another aberrant adaptation in the chimpliran type hpreaented by thc 
blood-sucking vampires of C^entral and South Atnerrra, that have a hij^ily 




Fijf. 57* Y}ying Icmut of Madti- 

ga^iLri, Vagt 

uiiJ Sprclii.) 
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Fir. 59, FiBipcde csinlvure*. *, Canadji Ij™, Fetii canadrwit; b. dvet 
cat, riMfM ciDtaa^ c, iiHjntcl hyawiii, Citittuta tnafuiala; ti, |j^y or 
timLcr wolf, CflKi »«Uui,' racwon, Ptturyon htor; r, liadger, Tait- 
idta otiff, I.utrn canadtiuti; tt, Alaska hrowB beir, Uma pw, 

largest of tKe bcaiv {All f™*) Novnum. Thr Phyttiin Ckf 3 tdAla. copjt- 
tight 1939, ity pcniiiMtoii of Tlte MarmilLut Company, publi^m, B and 
alter Beddard- all oihm after Fuerta,,) 
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nifxiiSfd s^tdike stomadt for tl^c storage of biood whkh they gorge from 
some unwilling host* Aside from the unpieiisantTiess id their bJfjcjd'^ucJdiig 
habitSp these bats arc under suspicion because they niay be agents for the 
transfer of vicious blood p-irasitcs. 

Myotis IS the common harmless broT^Ti bat of cosmopolitau distrihulkm. 
or 6J genera of hats in Osboni’'st list ptily three are extinci. 

{4) CAHimTiRA,—Thr ramivones (eriJit, flesh) haw sppcialmrrf in alert¬ 
ness and brains. They are keen, swift, athletic* gladifiiarlal killers, feeding 
by prefetemc upon the lleEh of other aiumak Their place in die general 
scheme of things seems to be to keep within limits the prolific rixienis that 
in their absence tend to ovcmio everything. They abo have by thdr uggres- 
Jnve ways ^rved in the course of evolution as schoolittasieis for other mam- 
malSi particularly die priinairs to w-hich man bclonp^ by sfinmlating sell 
reliance and resourcefulness. The carnivores arc not |jartii-ularly modified 
except that the davkles (collar bancs:} arc reduced or nlining and ihc teeth 
arc some what specialkcd. 

They are represented hy 73 Ihing anti 113 extinct genera in Osbornes 
list. The suborder ri^srprom split; ped, fEXit ' i^ made up principally 
of land anbiiils, while die stibftrder PiNNinr.niA [pinna, fin) comprise 
eating carnivores that have become secondarily modified for nqnath life. 

Among the better known fissipede camivEires arc Lhc follow¬ 

ing; Cfinu, dogs, wolvt:*, imd coyotes; f/rjuj Etnd Tkdlmsufffo^, l>r:ims; 
Frfitf, cats, lionjj. und ihcir kind : Cynneturm, the " chertah" of India* a kind 
of cat vvithiMit retractile clawi^ ; ^iid the hyenas^ foxes, raccoons, wcasds, 
mitiL^, cmiinr?t, skunks, and others^ 

.Among pinmpede camivoi'a (Fig^ 6fl) arc the sca-linns, sealSi -md 
walm^, 

(5) Ronr.KTiA.—The rodents, or gnawing animals, with tOl lidiig mid 
61 Inssi! genera, are the most nu mein us of all lining luammab, panic ularly 
as they make up in number of uidividuab what they lack hi size- Their 
strong, deep^t incisor teeth, which grow cGndnuoit,^|y ihToughnnt fife, are 
sc If-sharpening chisels. The hard enamel of this type of toothy confined m 
the anterior sutfaix* doea not wear away as readily as the softer drniinc 
w'hlcii makev up the bulk of the tooth. Thus a rhisebSike* nharp cutting 
edge of enamel h always mainrained* They arc prevailim^ly plant eateT? 
and form an importaui link ht nature^* chain, since they hand ™ thr sim^s 
energy', stored by green plants^ to the ramiby which they are ilevoured. 

The rodent bloc (Fig. 61 ) in the Congresi!: nf Ntafiinids is represenicd 
by the following; hares* Scturui, squirrels; Ca™* giiineia pig^: 

Sdunopternst flying Equirrels; Mus, rate and mice; and the beavers, musk- 
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Fiy. 60, Pinnipcdc ca4nfVDm. a, Purific wairo*, l, 

ttu*te, and female, qf Sldler jtea^ion, jubata; i>- Grecn- 

Und ital, f^hma gtMmtmidrr^ (All from Xcwmunip The Phyitiwi 
data, CDfryTii^lii t939, bjf pcmibiiaia (d Tlic MstimiilbiL Cdm|]Anyi pnb- 

JllliieTa. j'VfllfJ' Fiirrt trt J 


rats, part:upinci>. prairie do^ and wmdchucksw By some authondcs the 
rabbits and hares arc pJaced in a separate Order because of their ntra pair 
of meisoT? and other evidence that they have iiiclcpcndentiy acquired the 
gnawing habit. 

This gtxiup is of great cconotnic unpoTtancc. On the negative side an? 
tbcir destructive habits and po^bly disciise iraosmisrion^ such as the cany* 
tng of bubonic ptague by fleas wtuch may inhahic ihc fur of rats. On the 
other handf several species furnish us with lur -or meat and several 
of great value for laboratory experimtfitadon and testa of scrums anil otticr 
materiaL 
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6t. ReprioKntj live rDdcnn. A, iquhTrlt Scmrui; ft, pcalm dog^ 
Cyntmyt. (iS^h Dubpiwli] c, aquitrelt SmurapUrus. (After 
Lytlckkin.) p, beaver, (After EkiKmiPrt.} e, rnmkraii Fiber, (After 

Carlin.) r, jumping jeiboa^ Dipuj, of Emopc, (Aftir Reddapl} P*^™" 
pine, &fihiiojt. (After ^ipnore,) 

(6) patHATES.—The p'^mates, including 39 living genera of lt!niuTft* 
monkeys^ apes, and mankinfS while not so highly speemLized in many ways 
with regard Xo bodUy stnictu^ as ibe sewral orders yet la be mmtksjicdi 
stand fiRt in the vertebrate chr^ with respeet to brain devxlopmcnt. Most o£ 
the 23 fosril genera ol this ortJir ‘ are lemurs, which probably dwelt In tiwA 
Just as their modrro representat*^ in the fonais of Madagascar do to this 
day^ There ts considerable evidence that the primato arose from a primi¬ 
tive, trce-dw«dling Insectivont sto»-k. Practically all species livinjf today ^ 
ariioTcal, with skclciora iiot greatl; modified from the condition of primitive 
mummab. Their teeth, also, are comparatively unspccialized but tend to be 
reduced in number from the 11 pita of teeth on each jaw of primitive 








Kg, 62, Smith't dwarf Jfmiir, A/i- 

crocebili jmithii. [Fmm Ncwmiui, 
Tk( Phylum ChfitdiUn, copyright 
1939, hy peitiilHsurifT of The Klacml]- 
\m puhlkhcn, AJtct Bcd- 

(iarci^ 
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placeiUols. The brain and eyes become liighly developed, the ccrcbraJ 
hemispheres itiaeasiag in size until they completely cover the rest of the 
brain in higher primates. 

Although many travel on aH fours, their arboreal habit has resulted in 
an upright sittiug ptisture that made possible the development of a pair of 
liandy hands and admission to the Manual Training School of the Ttcctop#, 

This was the beginning of a wedgelihe 
vista of pofisibiliiica at the broad end of 
winch lies the iutdlcctual life. Organs of 
defense, Eke scales, daws, hams, and 
hoots arc not needed b>' primats since 
wits take ihdr place. 

The three suborders aret i.EMVito- 
[D£A, TAflSIOUfEA and ANT7ta01>0II>EA, 

The temurs (Fig. 62), very primidve, 
arboreal primates not greatly different 
from the tree shrews, arc found chiefly 
in Madagascar but with some spcdcs hi 
Africa and Southern ^\ata. These small animals have an elongate snout and 
pointed cai$. They are covered with a heavy coating of hair. Their big 
toes and thumbs are set apart frotn the other digits. Their long tail is not 
prehensile. 

Tarsias (Fig. 63), the only living tarsioid genua, is tnicrmediaic between 
the other two prhnaie suborders. A reduction of the olfactory organs and 
shortening of the snout have permitted a shifting 
of the ryts forward into a position for binocular 
vision, although neither eyes nor cerehnmi is as 
well developed as in the monltcys. Like the kmurs 
they have pointed ears. 

in the Anthtapoids (Fig, 64) the ceieiiral 
hemispheres are greatly enUrged and richly 
ronvoluied. The eyes arc highly developed for 
increased clarity of virion. The New World 
(nonkeysy usually called Platyrrhines {piaift flat; 
rAin, nose) have broad, flat noses with the es- 
temai opmings dhteted stanewhat laiemlly. 

Their thumbs are itsualjy reduced. Their taiLn ^re 
in most cases long and prehensile. Probably the 
best known member of this group Ls ^Vhui, the Capuchin monkey', famous as 
the companion of the hnud-organ man, 



Fig. 63. Tarstus spficitiim. 
(After Uaactie.) 
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The Old World AnLhnrpoids, known as the Caiarrhinet because the 
cHifmal nam arc close logcLhcr and uataUy open downward [caio^ down), 
mclitde three general types.* the various Afncan nuuikeys, macaques, and 
baboons^ the anthropoJd apc» (belonging to the Family Simiiduc;, and 
man* These atiinials have oppoo^ble thutnbs, Thctf teeth are reduced in 
mimber to 32 . 'llic tail is uon-pFeheosile and trcquently greatly reduced. 

is lively little monkey so erften 4seCTv serving time bdimd the 
bars in zoological gardens and metiageries. The rhesus monkey, 
rA^rrw^ is used cxiemjveiy in experimental work. The imparlance uf iMs 
animal in work on the sonified Rh factor of the blood kd to the use of the 
first two letters of Rheau$ as the afymhol for the factor* 



Fig* fri. Antlimpnitl Frlmsles^ a, long'inlltd maolLcyt Alualia; b, pbbpan, 
JJyiobales; c, ehi.TnpaEoCf;, Anikrap0pith^cTiJi omtig^niaii. a, 

gnriikt Gori/io, sTter Bcddand: othcci* after Schmid.) 


The tailless Simians indiide four genera (Fig. W)* The gfbbon {Hyto-^ 
bales) is a long-armed, arburtal fonn uf small sbe, found in the Malay 
region and neighboring islan ds. The orang-utan [Sitnia}^ a native of 
Sumatra and Boni«>, is also a Iting-anned arboreal ty'pe but is considerably 
larger than the gibbons. The chimpanzee {AnihTop&pilh^cus} and the 
gorilla {CGrtSu), both Afriom fonts, have rd^tK^ly ahurter arm^ than 
the gibbon or urang. The cbimpanz^Cj prinaarSly an arboreal form. 
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spends some of its time on the ground. The ^ni]4, cssentidly a ground 
ilwdler, is the largest and most povsetful of all apes. Both chimpanzee and 
gonlia exhibit some degree of intelltgeiice and reasoning poivcr of the 
human t>pt:. Of the aitcmpu Vo educate tliw apes, the mf«t successful 
mies have tieen those using chimpaiiKccs. iTicy can be taught to wear 
clothing, dine at a table, ride a bicycle, act in moving pictures, .'>mokc a pipe. 

cxpcc torate with precisiun, and pcrfoim many other acts characteristically 
hiunan, 

Alodcm man of whatever race or color belongs zoologically to a single 
genus ami species, IJatn 0 japtciti, Lma., although the name "wL'tc man " is 
more appropriate for some individuals than for uihcra. Although similar to 
Simiidae in most rtsprets, man differs rrom them m some almctiiral details. 
Hr is more erect, Iiii-S shorter arms and rebtivdy larger thumbs. The big 
uies of tlie apes are opposable but In man these toes are in line with the 
oihere. \Mulc the simians haw powerful teetli wl in heavy jaws, man has 
sniaJIrr front teeth and twth-bearing regions of the jav«. Consequently man 
has a chin. The supraorhiul rid.gcs over the eyes are much less pnaiounced 
in man. Ttie human cerebrum is diilincay larger, in part due to the con¬ 
siderable devdopment of the frontal lobes where the speech centers are 
located. Room for these anterior lobes is provided by a raised front pan of 
the skull which giv® tile higher forehead region. These differences are 
i bicfiy a^oriated with man’s nteiUal development, speedt and eround- 
dwelling habits. 

The fossil representatives of man will be considered in a later chapter. 
Togetlicr with modem man all are included m the family Ilamimdae, 

1 7) fjjentata.—T he edendates (Fig. 65c and o) are rather de¬ 
generate mammals, either toothloa as the name implies, or with poor chalky 
tireth. Thar cenicr of distribution is South Ami;rica, for all of the 15 living 
genera are found there, although the antcaten, Tamandua, Aiytm^capkagii, 
and Cyclopes^ extend as far north as Central America and Mexico, and the 
uine-banded amtadilio, Datypus novemdneta. even into Texas. Of the 34 
genera of f^il edentates, four are From North .America, three from berth 
North ami South .\menca, and twenty-hve exclusively from Soutii .America, 
Thus it is evident that the center of distribution id this order is, Soitih 
.America. 

Tile topsy-turvy sloths, Bradypus fthrer-toed), and Cholafpus (two- 
toed), are well named because of their sluggish habits. They are awkward 
defenseless creatures clothed with coaiie gray hair and equipped with long 
hooklike daws whirh enable them to hang upside down in the hranebes 
of tropical trees, where they depend upon their raemhlance td motionless 


Kinds of Vertebratas 7^ 

nuusfs of *‘gmy-b€ard incMSca” for piotcctioii from thdr carnivorous foes, 
Sidney Smilh said of them: “Sfolhs live suspended, and sleep suspended, 
and in fact, pass their whole lives in a state of suspense, like a young curate 
when hr ts distantly related to a bishop.” 

Of the armadillos, beddes the nine-banded one already mentioned, there 
is the six-banded Basypui sexcinettts of Paraguay and Bnutil, and the tbiee- 
baiided Toiypeutei. .Some of these can roll up in tbdr scaly aimor like '‘piU 
bugs” when danger thrcalcns, presenting a hard nut for any prcdaccoiB 
foe to crack. 



Fi|r. 65. RepreiMiiBtives of ihc “edEntite** Orden. A, scaly »frte»tw of 
Africa, .Ifonii, beion^g to the PhoUdola: 8, aardvwk of Africa, 
optu, bdnnging to the Tubulidentata; 0, ih««-toed sloth of Soudi 
Auterica, Bradyfua, and o, sut-buidcd annadillo of South America, 
Dasypvtg both heloi^izig to the Edentata, (a. after Beddaid; s and rv 
after Sclunid; ov after Btebm.} 

The extinct giant aitnadiUo, Cfyp/odun, which was encased in an armor 
without batids that would enable h to roll up, was, howevn, so well pro¬ 
tected like a war tank, it did not need to imitate a piU hug. In spile 
of their armor these giants became extinct and t he i r fossil remains are an 
plrw^tipni memorial to the fact that something more than passive resistance 
is necessary in order to maintain a species on the earth. 

(8) i-iiouDOTA.— The pholidolGS include two genera, .Wanir and 
Fhotidotus, die pangolins or scaly anteaters (tig. 65 aJ of Africa and 
Soutbrni A’lia. Tliey have elongate heads with long, «ry protnisiblc 
tonptes with which the>- pidc up tennites. No teeth are present. Their bcalics 
arc covered with targe, homy, overlapping seals. Powerful, sharp claws 
are present, specially on the front feet. .Although long grouped with the 
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rdcjitaio, these animals arr more properly placed in a separate anlcr for 
pcographical as ucil as anatomical 

(9) TUBuuuENTAirA.— Ilic tubliiliJerLdaies, formerly placed amorij^ the 
edentates, include a single species of the genus Orycl^topm, the practii.fllly 
hairii^ aard-^’ark of the South African Boers (Fig. 65 b). Thta animaJ has 
the long .snoiii, lung tongue and powerful clawa of a teimice cater, its teeth, 
withuiit enamel, have a perforated dendue. 



6^ Ftnfl5odjiciYl tinsij-l^tes, a, wild an of S^Li, ofton^iPtf 

Bt iBpu nf bouLh America, 'Ti^pirujj c, rwo-horBcd thiiuHxroi af Africa, 
Rhinoc^:rf>i bUttntit; ji^ nne^humcd rfiinucery* of IndiM, 

Imdictu. (AH after Beddnnl} 

110) PERISsoDAETTvi-A.—-The pmssodact}^lfl (p&riisoJr odd-niunbeied; 
dactyl, finger, uic} are large, herbivorous ungulates hcpof) which 

walk on tJu; hoofed tip of jin odd number of dJgrti Their rnolarifnrm teeth 
have large chewing aurfaces usually bearing high emss-ridges which greatly 
irtcrca^ the cfFectl™ic» of the teeth in grinding grass, leaves and other 
vegetable matiet. In all of these animalis;, the main axi$ of each appendage 
passes through the third digit, which therefore carries most of the w^eight. 

The tapirs (Flg» fifie) of South America and the Malay region liave 
pftihabSy retained morr of the general features of the anceatml stock csf the 
Order than have any other membeis. They have four ioe» on the front fetft 
(thumbs missing) and three on Uit hind feet (big and little toes missing)' 
Their pmctkally complete dentition includes relatively generalized molari- 
form teeth. Among their speeialrzsitiojis is a ahori proboscis formed by u 
slight elongation of upper lip and noee. 
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Tht rhinoceros {rAmo, nose; ceras, hom) group (Fig. 66c and n) 
includes several species of large, awkward animals with three toes an die 
hind feet and three or four on the front ones. On the top of the snout, in 
the mid-iinc, ihe> have cither a hum or two, one behind the other. 

f arh honi » really a mass of hairs stuck together. 

The hoises (Fig. 66a) art charncteriased by the reduction of thrir 
digits until only one (the third) is in contact with the gioimd while two 
others ( the second and fourth) are scmall splints at the base of the functional 
toe. All lining species of boises, hitludiiig thdr cloM: rehidves tht asses and 
rebras, bclottg to the genus £^tir. These anunals have perhap the most 
definitely traced pedigree of all mammals. Their record goes all the way 
hack by successive links to ioAipptdj a imial] Eocene ancestor about the 
*-i*e of a fox that had four toes on the front feet and three on the hind 
feel, as du pricsenl-day tapirs and same rfaituxercecs. 





Fijj. 67* Non-nmiiniuiT artioddctyls. a, pcctary of Soarh America, 
fVrari; a, wart hnj{ of Africa, Fkatockomtii Hippufuff^tniu tif Africa. 
(All afler Scdd^ird.) 


(11) ARTioDACTVLA.—^Thc aitioclactylsi (drffar, «‘en-mimbcTed) are 
targe, herbivorous ungulates with irwlariform teeth stmilar to those of 
(lerissodactyls. In these animals, however, the main axis of the leg passes 
between the ihird and fourth digits which usually bear equally «tif weight 
of the uiiimal. The first digit f thumb or big tije) has disappeared and 
usually the second and fifth digits are cotisiderahly reduced- 

Thc pigs fgenua, peccaries, wan hogs of Africa, and bippopoiaini 
use all four too and have simple stomachs and no honis (Fig. 67). 'rhey 
are not Hmiled to a did of platlU^ hut writ also fieah. 

.All the other artlodactyla are runiinaiits (nimiirarr, to chew over 
.tgain), so raTleH bccaiisc dicy firm swallow their food whole, then rrgurgi- 
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tatc it at thcu" leisure, and thoroughly rhcw it (Fig?. 65 and 6D). Tlit amal! 
balk of food relumed to the mouth are known as cmk. Strictly herbivorous, 
they have three- or four-rhambered stomachs adapted to their rud-chewin^ 
habits. They use urdy their third and fourth diijita. Many are provided 
with defensive horns, either hollow and permanent, like thcae of the cow, or 
solid and periodically shed and renewed like the antlers of a stag, Amrine: 
the better known members of ihk group are: the tamels and dromedaries 
{Cametui} \ the South American llamas; the giraOes (Gfro/a); the deer* 



Fig. 68. ReprcHutaiivc rumiajrnts. a, diTunrdary, Cewnflus dromfdermi. 
I Afier Schmid-) a, camel, fTcmrliu (Alter heddariilL) o, lljuaii 

ol South Anierico, Au/^ffenui, (After itcddiirct.) rhevnitaifi of tnrlia, 
rfflA-Miur. (After rkddardj jt, prafTc, Oirnfa; r, okapi, (After 

rtrltmiiLjli 
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6S- Homed miniimnliH a, reindeerp Rangiffr^ (Aficr Beddard.] 

B, arctic miisk ox^ (Alter Sfiimid) c, AmericaB, buffalo, Biion; 

moWr AUtj^ (After BcddarcL) aotelopcp (After SdmiiiLJ 

E, proughom Bntclopc^ (After Oi^grmirt.J 

cUa, mfxiac^ and sintiUr fcxrms; ^h«p (Om); gpal* (Ca^a); and dcaiiea- 
dc catllc 

□gden Nash haa described the cDnunon enw as follows: 

‘*The CMwr U of the bovine JIK 
Out! end h moo, tbe other milk” 

The artiodATLyk and pmAoiiactyb arc of great cccmotnic Emportancr 
to man. They fnmbh us wth pordans of our ibthing^ uransportatiimt food 
—including milt and much of our meat—^and scnims so important in 
fighting diseajw;. 

(12) —^Ttie probfjtodeons are die elephants^ Jarge?^ ol 

living land aiiLmak, which are so bulky that they arc obliged to walk stifi- 
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Irgged in oido" Il> support their tfijmcndaus Vp eight (Fig. 701 . ITie hrtnvy 
head ksustaijicd harki>inally by a shiirt stout utek, and the rigidity hmught 
about by this airangemenL, as ¥rcU as by the stiff utKxjmprankmg pillar-litt 
Icg!^ is compensated by the tlevricipmcnt of a trunk/* a combmatiDii of thr 
nose! and the upper Up enormfiusly drawn out into a flexdile prehctiU(tl& 
Each of their five digits term mates in a hoof-like strut- 
lure,. Their mtilatifriTm teeth reach the exireinc of devrJopmcjit -of the 
grinding CToss-ridges- Thrir upper inciscprs are greatly enlarged into long 
tusks. 



PrahoKidca. extterf nuTtimtith^ Etfphm (After 

Scmnld.) rtKiiiinitHB] of rxt[ib:t diTKithere^ Ihnolhctium 

AbcL} ^ AtricMi dcphiun, LmiiunUt. { After SchmiiL} 

Some proboscideansj such as ihr inasipdons and the hairy manuTEOtlvi 
"Ages, became extinct in compiirauvely recent titties^ geologirally 
^pcaking» while other leas Bpeemlized anceston^ as Dinoittrnum of Europe 
and^ Asia, and Pahrt^mmtadirn of Egypt, arc tormiderably more anclenii 
rjicro are two genera of living proboscideans! Mltphoi^ the srnall-eared 
AsintJe elephant; and LoxpdGnin^ the largc-eairct African variety^ TIic 
former species has been domeihcated in fndia for a long time. One famous 
individual, Jumbo, weighed 6^ tons and W'as 1L feet high. For years i bis 
gigantic beast mtertained thousands of children, young and old, under 
Bamum as Impitssaru}^ Jumbo’s moninncntal skeleton islands in the 
American Nfiiseunt of Natural History^ in New York, 
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(13) —Thr hyraccjidcans art conep or “rock mbbits^” 

which, 3£cuitlmg to tilt Book of Pti?vcfhs “arc hut a feeble folk, yet they 
make their lioniK in the jocks,^ They are small tod-chtwing animak, 
superfktally resciritaliiig: guinea pigs, ^ ith hocifitke tips to their iocs, of which 
there arc four on each front fixjt and three on eaelt hind foot. Thn-' were 
probably derived, frotn. the same basic stock as the pruboscidcans and the 
sirenjaiis. They inrliide tvpo genera: Dendrohy^ 
rax (Fig* 71) of Africa, and Frocaida of Syria 
and Arabia, 

Because of certain anatomical simllariiies the 
last four Crders jmt mtnuoned (Pcrissodactvlii, 

AitiodactyLi, Probosddea, Hiid Hyracoidca \ 
may be artihcialJy grouped together as the 
lingula tes or IwHifcd marnmalit, Houfi have prob^ 
a bly appeared indepeudetidy tn the tUfferent orders. For the part they 
arc large, rather stolid, plani-feeding crcatiircs^ most at ease when standing 
up on tkdr highly spedalbcd feet widdi arc adapted for bearing tontinnous 
weight hy Ixdng encased in bhodike huufs. Unlike the saft-fcoted camiTOiTiS 
that collapse into a rcposcru.1 recumbent posture al every' opportunity only 
to aprtng into alert activity upon the slightest incentive^ imgulati^ never 
^t down and do qoi lie down withmit considcrabte ddiberatiEni uml 
effort- 

MTic 73 genera of ungulates include many kinds of great utility to man. 
They have abw played a uoiahle reJe in the past hmorj” of the world, iisi 
evidenced h>‘ the fact that genera of ffissil ungulates are known, many 
nipre than of any other order of mammals. These numbers are no doubt due 
in part Ui the refliluie«« wuth which this group of ?mimah has left foissil 
ev idence of a former exisEence, 



FIf. 71. AfrJcJii ecfflcy* Drn- 
dr^fkyrax, lAhcr BctkJiud,! 


f H) —iTie rirtnians^ although of very different fr^^trma] ap¬ 

pearance, ha^-e certain unnustaluihle anatomical alhliations wSih elephants 
and srgelarian ungulate^. They iot large clumsy water animats having a 
broad snout covTmi with sparw coarse briallat and an otherwiie hidrless 
skin. TIk anterior legs are modified inio swimming flippers^;, while ihr hind 
legs are entirdy ah^UL, 

ITiey are perhaps the animab that have fumislicd the slender basis o( 
fact from whicii imaginatK'e sailors fmm time hniticmerial haw^'pun cals of 
my^hiral mennaids and sirens. A less romantic bui more apt common name 
for them fa “5ca cows," 



Bioiogy of the Vertvbrdtei 


Of iliiii nndrr only two (Fig^. 72 and 73 ) arc nrprcsaited hy 

living animals, tliat arc separated fnim each oihcr on Lhc glrilx- about aa lar 
as it is possible, skitc “manatees'' representing the genuA Tmkechus inhabii 
the rivers of the noi'thcasicni coast of South America and. Ix^yond as far 
north as the Everglades of florida; while itac “dugong,” Hdicor^^ lives ia 
the Red Sea and Indian Ocean, 



Trs, 72* Aitatinc *ra enw or ruEinJitcCp Tig. 73. Tiiiirnng, or Indian (Jeean iiej lajw 
Tfu^harhuu . Mter Tkigmufe,} /fet/if^rc. After j 


Of the 7 fiMil genera* one, Rhyiina jtdkrri^ or SttUct^s sea cow"^ has bem 
extinct less than 200 years. This species first became known m 1741 when 
Scdlcr, a Russian whaler^ wxi shipvnrrkcd upon asinall group of islatid; 
in Bering 5ea. He was i&avxd from $tarvaiion hy fijidnig a r™tery' of these 
large sea cawii Lipcin which he and hk crew fed until rescued^ Ehiring the 
fullowmg quarter of a ceutnry Russian whalcns with human greed and 
stupidity hunted these valuable focxl animals to extinction, for Nordcnskiuld, 
who visited the islands in 1768, reported that the last individual uf the 
cotony had been killed* Thb spcLles of aca caw has never been fonmi 
elsewhere. 

L15) tiETACEA-—The cetaceans, or whales and their allies, among 
which aiT to be found thu largest aaimals that ever lived, include the Irvia- 

thans of the occan$. The anecsiry oJ 
the cetacea b a pmuJt for the dilution 
of vvhich fo^ib give scanty aid, Caintpar- 
ative anatamy shows that they br^ 
unniisiakahlr hall-marks of mammalian 
forbcais, such as breathing air hy mratt? 
of lungs and feeding the young upon milks 
Sintc lhc mammalian plan undouhtcdly 
ringlnaurd with land forma, cctiircans 
have undergone profound modifi' 
cation in rirder to become acbpted s^reiindarily to a marine cmtrncc ivherr 
ihdr grtat wTighi could lie Jinpportcd in water* By reason of their warm- 
bloodedncK and a thick blatilctt of heat-retaining blubber tinder ilie skin- 



Piff. 74* tlumpb4ick wtcite midding 
her )tiLiu^ : After ScammocL) 
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ibest gigariric animais arc able to pumc thdr activities^ c^-cn la Arctic 
waters. 

While In the act of niir^g, which is ahviously accomplished under 
difficulties, the young whale presents a curious resemblance to a smnU tug 
attached to the side of an nictaii liocr (Fig, 74)- 

Whales may be grouped into two subordcfs; odontocetIj nr toothed 
whales that feed primarily upon fishes, and mvstacockti^ or whalebone 
whales w'hLchj by nicans of a peculiar lirusMike device of '^whalebone'* in the 
caverDoiK mouth cavity, strain out and swallow counUe^ myriads of mlcixj- 
st oplc ocean inhabitants, that coosdtute for them a nutritioua “sea soup” of 
unlimi ted supply. 



Fir* 75. CMcJTitDccri, nr tcM^llird whiilei- a, killer whaler R| por- 

€, njirwhul, Aionenii^m. after Tmc; b and c, ahef 


Ttir toothed whsdes (Hg. 75) arc usually not of niraordioary si7,c atid 
frequently forage about in ibcir watery hunting grounds in schools. Some <if 
then] arc: Dgifrkinui, the dcilphm; Pho^ojtna^ the porpoise; Grampm. the 
grampus; Oicit, the killer ; jy^n^dan, thr nar^vliab with a single munnfju!i 
twisted tooth projecting horizontally in front like a pike^afl'; Phys^irr, the 
sperm whole, with teeth only in the lower jaw; and liypAr&M&nj. ilie bottle- 
uoAcd whalcp The last two aiiam considerable sirx. 

Examples of the giant whalebone whales arc: Rnfkhn^cUh tht gray 
whale; B^aenoptera, the blue orsidphur-bottoracd whale: AfegapUra, the 
hump-backed whale; and Bittaefi*t^ the right whale (fig^ 7b)_ The blue 
whale is ttpuicd to reach a length of lOO feet and a weight of perhaps 
13<)tom 

There are 9 genera of ftisil cetaceans, and 27 genera nf living ones, 
some of which are becoming scarce brausc they have been so rcleutlcssJy 
hunted by man. 
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Spesking of whales., J<ilin Godmaii a century ago wrote the following 
perfecE apology for those tmvdos who return fioni foreign lands with tall 
stories to tell to those who stay at home: “Large as the size cf the whale 



Fig. 7B, Right wbitk, Bdatm, {Alter SchuicL) 


certainly is, it has been much ovcr-raicd; for such is the aiidity with which 
the human mind receives commumcaliom of the marvelloiis, and such the 
interest attached to those researrhes which describe any remote and extraor* 
j I in ar y production of nature, that the judgment of the uaveUer receives a 
bias, which, in case of doubt, iiuluce!i him to fix upon that extretne point 
in his opinion which is calculated to afford the greatest surprise and iniercit>" 






CHAPTER III 


The Distribution of Animals in Spaw- 

Chm ology and Ecology 


I. THE POINT OF \TEW 

An oboTTvanc ttavclcr going from home hi any dirtciimi gradually leaves 
behind a familiar world of aiumab and plans and, If hb tnivds are 
ciendy extensive, arrives id a land of strange org^isms for the part 
quite unlike thcfic he already 
knows. He discovery that no otic 
kind is to be laund cverywberCt 
but that each kind has its own 
home territory beyond which it 
does not ordhurily venture.. Iti 
imagtnation he might map out 
upon the globe the home patchy 
w^ith all its iiregiilar boundaries^ 
w hich each of the 600,000 or more 
species of living animals occupies. 

Such a map would be e^tceedingiy 
camples brcaiifc the areas iha^ 
limked would not only be vay la ^upcrinipo^ jirtas. 

unequal in Gi;f;e but would also 

overlap each other id a great variety of ways like a gig;atttic palimp^. A 
diagram to express this idea* lO which the areas of only w mitead of 
600.000 species are invxilveih is shown in Figure 77. 

Such a picture, morrovef, if truly represented^ would not be definite and 
fixed but would be a matwn pktut^, presenting comant change like a 
rotaung kaleidi^ope, mcc tiic froniicrs established by living things can 
never rcnuiin constanL It k well known that miimaU In the past occupied 
territory from which they are today, and that the contrary is equally 

true. 

ist 
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Eddenct from fossik, for example, shows tlui! at one time Iropkal 
paiTotfl and, at iuiother, arctic reindeer were nativai of what is now 
temprratc France; that elephants formerly mamed over thr United Slates; 
and antarctic albatrD£se5 Hew over Etiglaiid. Jiis»t aa history nxords a suc¬ 
cession of civilizations, so plant and ammaJ life, past, present, ami futijjx, 
presents a sbifting scene. 

The where any species o( animal is found i$ as much a diagnostic 

characterkuc of the kind of animal in ijuc^tion as Its pcrtiliaritl^ nf struc¬ 
ture or behavior. It follow's that any kind <if Inssil or living form loses tntich 
of its Value for the scientht if the place it comes fmm is unknown. 

IL ECOKXIY ASD CHOROLCKIY 

The romparaiively new biological scicticc of Ecology {oitos, home; 
Iof*QS^ discourse) deals wiUi the intimate arrangcnicjit and behavior of 
organisms within their respective habitats. F^ology may be defined as ‘'scien¬ 
tific natural history.” 

The prov-ince of the more itjcluslve science of Chorplogy (rA£frfjj, place; 
discout^) is to dcleiminc tlie general distribijtion of animals and 
plants over the earth and to disto“s'cr the why and xvhcrtrfore of ilieiT occur- 
rertet. Ghorology' is a science for the trav*eler| while ecology is the science 
for the slay-ai-homc. 

HE ILVBIT.VTS 

Tile immrdmie surroundings in whicb any animal is home’" arc 
called its habitat. In genera] animals are said to occupy either a land or 
:i water hahtut. Some of the more specific descriptive terms applied to 
habitats arc: desert; forest; mountain; suhterranraji; pratiie; meadow; 
marsh; pdagic; abyssal; pond; murine; lluviatile; and ortuariaL This list 
of dracriplive Icjcol areas may lie almost indefinitely extended according to 
the mmtjtcnes? with whirh the detaib are scrutmized. 

The xirrajigemcnt of these vajitnis kinds cf habitats nver the surface of 
I he globe detctniiti^ to»a large extent the distribution of UvTng forms. It is 
obvious* for iriMance, that arboreal animah! are not to be expected In the 
open ocean* which constitutes about three fourths of the entire surface of 
the glfibc^, anti nmrh less art fishes to be dbfCovered fn waterlc^a deserts* 

ADimaU found livmg successfully in any habliai must be measiimbly 
adapted for life eonditinns there, although tbcrc are manv cases In, natiire of 
impcrfcf t ailaptaiicrri where a square peg h nittcmpimg to fill a round hnle. 
and iVr/ vwtul TTie usual rcjoik in such a mistit is that the peg either 
explores until it finds Us proper hole, or gradually fhanges lo fit the hole 
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that It is in. Bntb hole and peg arc changeable things but the ImlJative of 
c-hangc belongs not to the hole but to the peg. 

Aiiy habitat is not occupied by all the anim a ls and plants adapted to 
live in k. The prevalent idea 4 for example, that climate deicnrutits the 
distributioii of organisms is largely crToneons- Tlicre arc iio grizzly bears in 
Switzcrbuidp nu hirds-ciX-paratibc in Caliiomiii, and no in Irdaiiil ” 

aithoiigh ihe climate in each case is suitable lor the absentees, llie equa¬ 
torial forests of Africa and South Arnenca have pracLLcally the satiiC 
climate, yd the former region b chajiacierized by dephants, apes, kopanb, 
giruiles* and guinea fowjj while the latter bos none of these ,tnimah hut doe^ 
support tapint, long-tailed monkeys^ jaguars, and toucans, which arr never 
found ID Africa, 

So lonpf as mankind w'as satMied with the naive faippofitlion that the 
earth hits [>een arbitrarOy p^ipulated by independent at'ts of special creation* 
much as a person might armuge che3smm upon a board, theiT was no 
sense nor objeci tn developing a science of chorology. Them was nathing 
to cT^pUju. Leopank, for example, were in Afritia and jaguars in South 
LAmerica because ihry w-ere placed there, newly made, in the beginning. 
The two kinds of large cats were entirely Independent in origut and w ithout 
any rdation to each nihcr. \Micn men devdoped Lite conception, culminai- 
ing with I>arwin. that all organisms arc mure or less related to each other 
ns ctescendanis of commnn anccsiorx, and that ^xry specie arose in the 
course of time by modifitadon from some other species, then the munner 
af distribution the earth bccmne full of significance^ scriunsly challeng¬ 
ing the attention of thinking people- 

IV. THE LAWS OF DISTRTBLTTION 

Three laws govemkig the disEributn>n of animak were fnrmukited by 
Jordan and Kellogg in dnimsf IJf€. Theie htwjj may be stated as follows: 
Ecery species is jound ei^erjUfkere unlesj (1) k was imabk to gel there; 
[2] having ^"got there,"* it was unable to stay; or (3) having arrived. It 
became modified Into ^another specif. It wiH be profitable to cormder these 
laws briefly^ 

I'irsL, It Lfi not the suttubility of a habitat so much a$ its ^iccesiibiUty from 
3 place of origiiij that detrrminm the presence of an inhabitant- Fur in¬ 
stance, there are no hnmmmgbirdi in Africa^, while thefc arc owr 450 
specicf) in South and Central America^ nor because Africa iisdf is unfavor¬ 
able to hummingbird occupation, but because these tiny fairy!ike creaturcs 
have ncv'cr been able to ert^ ihc wide oceans lepatuliog ttidr ancestral 
.AmeTicari hismr from faraw^ay Africa- 
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Sccondj tiicre ant many Instances of animals and plants that have suc¬ 
ceeded in invading new territory, but liave been unable to hold thdr own 
there, all pioneers become setlleis. At otic tune oui federal govern¬ 
ment intraduced a herd uf camels after an adventurous sea voyage into the 
semi-arid region of the Southwest, and allowed theni to nm wiJd iti the hope 
iluit they would multiply, spread, and eventually fenm a valuable adtfilion 
to a region inhospitable to most large animals. The emironment was very 
tike that from which the animals came and the esperiment might have 
proved successful but, as iias been asserted, for the unfortunate fact that 
Jof.ai cowboys, with little regard for cionsequenccs, had so much sport 
periodically roumimg them up and putting them through their pacci, that 
the strange incongruous beasts were literally worried to death. 

Third, successful invaders may win out in oecupyhig new territory at 
the expense of their own spetrific individuahty. They arc the adaptable 
nound pegs tlirowo into new habitats of square holes, tliat ticvertheles® 
raniaiii and square themselves to fit the new holes. They arc the Immigmnta 
that have deserted the ways of their mother ctnmiry and become naturjllzed 
In the land of their adoption, A classical iiliisiratiDn of cases of this kind, 
cited by Darwin in The Origin of Sf/edes, is that of animals upon the 
Galapagos Jaknds off the northwest coast of South America. Of 26 species 
of land birds found upon these islands, 23 apedcs are similar to, but still 
spcdfically different from, those inhabiting continental land a few hundred 
miles away. The interpretation give by Darwin is that when the rxalapagrs 
group waa separated from the malularid in recent geological times, a new 
habitat was fonned in wdiich various uidlviduali of continental species were 
isolatetl. Each of these 23 species, clmuging gradually under the molding 
influence of isolation, grew to be sufficiently different from its original main¬ 
land nncesiora and cousuis to rank, as a different and distinct species, 'nicsc 
facts so impresed Darwin diat he began to think about the origin of ipedes, 
with die fortunate rcsidt that subsequently a great many other people were 
induced to think about the same subject. 

To these three laws of distribution may be added a fourth, namely t 
Eath ipfdfj {tTiginatfd histoficdlj/ from toou prteeding jpeem ol iorru 
dfpnitc and tfr pKient iOstrihuiiott is thf fcstdl of two opposing format 
ExpAwaioN and hepbession, 

V- MALTHUS’ LAW OF 0\TJlPtiPUl.ATIO.M 

h would be as impoiaibk for an unreslraincd gas to remain in one place, 
ai for any species of animals or planis to foregD the attein]H to occupy UJioc- 
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cupitd tcfritOfY 10 which it has access.. The nraflon for this b the endnnaus 
poSj^tbiiitics oi expansion inhcrait in the reproductive processes ol all organ 
Lstm, a coridition loTmulatcd by Malihus (1766—1834) id hw uf 

Ov'erpopulation*" For example^ when a single i otilish pmduces 5jOO(),OiH) 
eggs in one season^ Is. is obvious that ijilant rxiortallty must come to the 
rescue^ tkt: in ^ few genemtions tytiy available inch of space in the ueeao 
would be preempted by codfish. Even slow^-brccding antmalv like elephants* 
which produce perhaptj ^ young in a lift time of a hiuitired year^, would, 
according to Dar^vifu require less than 800 years to produce from a single 
pair nearly I9^i)00j000 dephants. Allowing 20 feet of spate for each ele¬ 
phant, this would make a coniinuous paradi:, which would have delighted 
Burnuni, reaching nearly iluec times aroiuul the world at the eqimicir. Ele¬ 
phants and codfish^ however^ do not mukiply out of all bounds as the above 
theoretical figures suggest, for the expansive forces of reproduction airr kept 
in coniroL year in and year out, by opposing leprcmvc lactons which main- 
tuin a balance in nature, 

VL FACrORS INDUCLNG EXPANSION 

1* The Food Problem 

Somewherr hi one of his delightful csfsayB, T>r. Samuel Me Chord Crodi- 
ers presents the illuminating alatenient that ^‘ihe hape and mialiaps of the 
hungry make up natural historyThere is no doubt that the insistent need 
for food, as exprcissed hy hunger, U a mainspring of animal activity that, 
like a centrifugal force, compels animaU to go ferth in the queat of what 
they may devour. Even among higJier animals which exercise parental care, 
there comes a rime when thr yrmng may expect no longer to share fcKxl 
w'ith their parents but must seek fresh pastures. To illustrate with a botanical 
mstance, it would be dkastrous if the acorns produced by an oak tree all 
rcnifliued to grow' up witMii the patent al drcle- 

Not only Is there com petition for foud and place among animnls and 
plants of a kind, but there is also severe rivalry berween different khidsi of 
cTcatura for the same food supply. TIu: miscellancDus eompiuiy which at 
any time sits at Mother Nature’s table, docs not always, or c^-cn often, 
ot^rve the restrained table manners of pejite society, so that there is every 
inducement to go cbpcwhere. 

2. Change of Habitat 

Another genend factor that caLHim organiisma to sfpread^ ts change in the 
habitat occupied. Such a change may be temporal, like the drying up of 
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dUt:hc5 and sircailis lliat afTccts aquatic (irganLsnu, or it may be pcmianen't 
like dcforeataijQn at tnaiiS hands, which leaves arboreal aninials homeless 

and to Ilt4ijd nonditioiis, 

II may be sudden uriJ eatasttiophie* like a prairie fire ora floods fonring 
all sorts of animal* to flee at once for their liva; it may he gradual like the 
ehajige of srosuiis, when winter succeeds sLunmer^ or it may iie so \Trj' slow 
(hat it cstciitk over gnicratious in time, like the relentless dawn of a glacial 
period. 

III ii]] however^ when an cnvinitimerit bccoriifs unfavoraislt, ihvrr 

are at least four alternative? open to the inhahitams: (1) otgaiiisms may 
simply sucriimh to (he cnvironnimtal change, completing dieir normal Hie 
cyilcii before the unfavorable condidans befall, as in the case of annnal 
pianis and most insects; [21 they may retire from active life and mark time 
while temporary imfavotablc conditions last, as do bihemadng animals and 
enr^ing pnrjto7onns. or trees thai sbed tl«cir leaves in winter and “hold 
thdr breath” uniil spring; p; they may remain plastic enough to change 
thcmsrlvw as the cnviranmcril changes, thus keeping pace by adaplatkm to 
new conditions; or (4 } they may forsake imlivahlc snmmndlngs and seek a 
more favorable place to carry on, like migrating birds, grasshoppris, and 
emigrants of all kinds. This latter aUemativc of migration, brought about 
by change in the habitat, plays an important rSle In the distribution of 
animals and plants. 

VU. MEANS OF DISPERSAL 

The ways and means, direct and indirect, that are employed by organ¬ 
isms for dbpcrsal, fumkh a fascmating chapter In natural history. Only a 
few of the most common agrnLs may be mentioned here. 

Among plants ttinti is an important agent. In many mstanca seeds are 
rigged with baUoonijig or parachutbg devices, or are so light as to be easily 
honic upon emreuts of air. The tiny dimlike seeds of certain orchids, for 
insiaiicc, liave firm known to lloat in air from UoUand across the North 
Sea, while molds testify to the eOkicncy of air mrrvemcnts itt scattering 
spores of these ubiquilmu organisms everywhere. 

Ovrr 6(V sjjrt irs of North American birds have been reported, which 
have reached Enrope and become estahfehed there by being bf>rnr out of 
ihrir tuigratory routra by winds, wiiile flying inserts like graHshoppera are 
frequently assisted in their widespread movrmentG by air ctirretiis. 

It ji/fT fiiniisheii another fiighway for travel. The imeasy tides keep the 
tongesred inhabitant? of the seashore cunrtantly siimd up arid on the move, 
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while flawing Htreams and -ocean currents act continually as agenl^ in the 
involmttaTy inmsfer of all $ort 5 of organisms front onr place to ajiothcr. 
Even floating k^bergi are precarious rafts upon w^ucIj stray arctic animah- 
arc Mmiedmes btime ^mr distance into new regiana. 

AnimuLs themselves ajs-siist each other in disper^iaf in a multitude of ways^ 

stowaways, kidnappers^ and "thumbies.” The lar\'aJ glo^kidin of certain 
sluggish fresh^water dams of the gtticra Unk and Anotionta, fasten them¬ 
selves to the gilb of swifdy moving fishes* thus stealing a ride to some distant 
point in die sircji'm where they detach themselves and set np their semi- 
stationary housekeeping in a rlew place, Paradics naturally go whemer their 
hosts go* and so are introduced into the society of new hosts. Animals are 
particularly u&tful agente in sc-atlering the seeds of plants. **Stidctights'" anti 
burrs of all st'^rta^ are makeshift on the part of pbnia to stc:d a ride by 
attaching to passh^g animals, bccds of vaxioiis kinds too are embedded in 
aLLmclivT finite with ihr result that they are eaten by aiiimob aud so depoft- 
iiedi in semte new locality after pjissiiig uiiscaihcd through die digestive tube 
of the iravditig boau Thus cherry busheg are plauicd beneath a wood 
thnish^s nesl, and fences abmg the waysides are draped wiHi poison ivy by 
feallieiTtl roniservatitmistak 

'rhr: mlsileiJOC,. which grows parasitic ally as an air plant attached to the 
bark of trees, presents an estremc instance of distnbiUion through animal 
ageucy„ Doto eat the needs nf the tnistletcie, becaii^ they are encased in 
alluring sticky berries. FmjuciiLly k happens, much as when the traditional 
small buy emerges from die jam closet, that remaitis of the feajst adhere 
arnmid the maj^pn uf the mouth. The dr>ve Rra away to another tree where 
it perfiimii^ its toilet by wiping a sticky Ixrak. with the atlhcring seeds,, upon 
a braiicli. The seeds are wiped off in this way and stuck to a fresh hmneh 
Jn ihc exact location favorable for the growth of a new tpiphyde plant in a 
nnw place. 

Of aD animals mant however, has probably done more than arry rrthrr 
in furthering the spread of organisms- In many instances thhi has been done 
intelligently and to tlie uhimatc benefit of mjxn him^jclf. as in the case of 
euUivated plants and domesticated ariimala. Tlie [jiological landAcape hai< 
bern changed almost everywhere by the traiternrming hand of man. Crops 
nf various kinds dot tlic surface of the globe where wUdemtss oner ffour- 
Lvhed, while intrcKluced Rock^ and herds roam in safety over territory once 
the possession and battleground of nativt wild :miniab. 

Frequendy man has made srri<iiis mistakes from the burtian stand point 
iii meddling with the balance of nature. Tlie ifitr<idiii-tion of that uver- 
KLicccs^iil *'avian ratt” ihe Englisli sparinw* into thr ?tfH iety of American 
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binLs hoji been many timef^ iri^retted by maji nn aci’ount of injury to native 
birds wiili wljtiih k comes into compctitlun. Tlie bkx^dthirty mongoosej timt 
was brciuglit tu Jamaica and also to Hawaii to kill rats itifcsling sugar cane 
fields, piovcd to he an eflkicnt rai exterminator, bin it wtm further and 
destroyed other animals, pardcularty chicteni, M a result poultry-raising in 
llinvc Islands has been seriously interfered widij and now a price has been 
set rui the head of cvxry mongoose. 

Several yeiirs agt^ a gentleman in Medford» Mo-ssachusetts^ who con- 
ceJvTd tile idea dial some misre hardy insect than the silkworm might be 
found to spin silt, and at the same time feed upon less tistrirtcd forsd ilian 
muibem leaves brought back Iroiu £iiro|>c a few gipy moth^ Fnrth^tria 
i(j in cxprtlmrnts. Tfie bos in whir-h they w^ere contained, so the 
Storys goes, was accideiiLally knocked out of im open window and seme of 
die nujlhs escaped, but for die thni- thr incident wan forgntten. Thbi was in 
lBh9. Dy Iftiiy lije descendants of these chance imimLvroxitv hml prospned 
10 so great an exieni diai the people around Medford became alarmed and 
a town meeting was held at wiiiiii ¥J00 ^vas appropriated to %hi the pob- 
‘^In dial jjimimcT*" the record sLows^ "the minibcrs were so enormous diuc 
the trees were completclv s^tripped of Lhcir leaves, die crawling talcrplUars 
covered the sitlpwalks ihc trunbof ihesbadi" ireci, [he fenceSj and the sides 
of lhi‘ bijii>c:si grttirig into die food and into dir beAC !>. Lutz in hLs Frcfrf 
Book of Iniceti publbhed in l!)2I witiie: “Millions of dulLins have been 
spent in an elTartp so far unsuccessful, to free uj. hum the invader^ nttd the 
mtjfll that bos Jiern done has been to confine it to New F.ngiand." 

The white cahha^ buircrflyy Pirns fixsi came lo America from 

Holland in a almip load af wormy cabbages landed at Quebec in 1B6I- 
Twenty years later, acenrding to the Departmen: of Agriculture at Wash¬ 
ington, ii had colonized America im the Atlantic Coast Imm Hudson's Bay 
to Florida. In Iflilfi H ItHti arrived at Denver^ and in l9fK) had reached ihe 
Pacific Qisuit, hat ing accomplii^hed ihe conquest of die entire United States 
and a pan i>f Cianada in less ihun diirty years. 

ShJpw^orms, on die outsiiie of the hulls of veiseti, atid rate on 

the inridc have spread thrmsches ihc world over wherever shipping has 
gone. In IS27 mosquitoes, traveling as “w'igglers'* In the bilge watex of a 
sailing vessd, nrrived at the Haw^aliiLii Ubnds, They have prcfsp^*^'^ since 
iheti and made the Islands their owm. 

Several yeats agt^ a marble siatuc, made by the sculptor Thorwaldseri in 
Italy, was m np in Copenhagen. Ii is said diat, a> an aeddenCal rcsnli, 
twenty-fiv-c spedcs of luJian weetK the seeds of which were in the strawy 
packing around the staiue, made dicir appearance In the immediate ridnity- 
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Similar instsuiccs ol Lhe efftcts of tlic interference of meddlesome man 
wilh the natunil atrangemmi of organunia in space could be indefinjtdy 
muUiplicd. 


Vm- FACTORS OF REPRF.SSION 

Among v-arioup factora which hinder world conquest on die part of any 
4^ingle ppreie^ of miimah or plants^ are: (1) badequatc means of dmpersal; 
i2) nou-adapiabiiity to new conditierns^ and {3j barriers ol rtifiercrit kindp. 

I, Inadequate Meam of Dispet^ 

The difhculties of “getting there" arc nni especially apparent in the case 
of free-moving ariim;ils like birds and insects* They become \er>- rcab how¬ 
ever, as w^dl ns serious for many organisms whose structure La not parUcii- 
larfy adiipted lor locomotion over eoiuidcruhlc diEtances, yet die race b by 
no iMC:am always to the swifL The story of the tortoise and the hare find^ 
plenty of paralleb in nitturc. 

When Caulcb with hb searching eyr: for mollusk^ of all khids. wrote 
on the Invertfbr^tn of Massochusetts in IS'ft^ he made no men- 
lititi of Littitnna iitoTeaf a small familiar periwinkle that at prewni b one 
nf the abundant species of suuib along the Atlantic Coa^t. fn 1ES5 
Morse found a few of these animals in the Bay of Chaleur at the mouth of 
the Saint Lawtrnce river^ which had liccn accirfentaDy brought over in 
ballast from their origitiaJ ht^me in Europe. By lfl75 Vcrrill reported tmo 
as a rare lind at W'mids Hole, Massachii’^n^, several hundred miles to the 
soiithw'ard, and in iBBO Smith found the hrst one to be noted as far ^hUIi 
as New Havear Connecticut. 

Another e xam ple of the surprMog spread of an animal liandlc-apped by 
pour methoefc erf locomotion b diat of Sagiirth /urjae* a anal I wmi-tranS' 
parent sca-aricmonc that lives attached to stones iti the tidal It was 

dbcovered at New Haveti by Verrill in 16^?, who named it in honor 

of hb daughter Lucy. In tfiSS it wa? reported at Nnvport, R. I.; m 
at Woods tiolcp Mass.; in 1899 at Naltant, in 11^0] at Sajem^ : 

and ht 1903 Cidd Spring Harbor, Long hland, N* V*. where it is itow^ 
abundant. Hud thb animal spread itself over several miles of 

coasr line within a single drrade. 

2* Nou-adaptnblfity to New Condiiiom 

The non-adaptability of urganbrns to new habitats^ whirh they may 
ha'L'r invadeefT b daubtlas much greater than appears on the surface, for St 
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Kurely arte as a dcicrrerit to ihtu sprciul, SucccsEfiU invaders that gain a 
new fooUioid and retain it catch ihc eye and daim auention, while unsuc¬ 
cessful ones which reach the Promised Land but are unable to establish 
themscKfs there, escape attention and pasi unnoticed. 

Many plants that thrive under cultivation, like make or Indian com, 
appear to be unable to maintaiti themselves in nature when by chance thev 
aic allciwcd to nm wild. 

The yellow fever mosquito, Stegemyia fascuita, fortunately docs not 
succeed north of a certain dead-line, although no doubt it has repeatedly 
eroded this insisihle limii, like the EnglUh ivy that clothes the walls of 
wiithem buildings in luxuriance, but fails to gmw well in more northern 
situations, in spite of being repeatedly planted and nurtured there. 

3. UarrifFS 

fiairim which check or stop organisms on all sidts are at least three in 
kina^ PiTVSicAL* CEOGRArHicAt,^ and aiDtJCJcicAr.. 

Tem^prertire is a widespread phytic at barrier. The exclusloR of "cold¬ 
blooded” animals, such as amphibians and repUles, from the occupaUon of 
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of ih« gtnerd parjJid *isjiu!oee of e.reanit™ in nJti- 
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Unit of prcvaiUngly low temperatures, k quite evident. In gentni! tempera- 
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forms sink far below and Jiirvive. Snrtilarfy in ttic air tbere b an upper alti¬ 
tude limit beyond which fivinj? birds iranoot rise, 

Hnmidit} sets up a banner which, atcordmg to its dcfpre, h largely 
Impassable to ea:plorfng orgamstns, dcpeniltui: upon a cenain optimuin of 
mpistiin:, 

J^ighi, aiiollier phy^cal barrier^ halts the traffic of tionumaJ darbies 
lovers, although it tisually has more of an ecological than cliorologjca! l>car- 
ing. Green plants, on the other hand, do not live in the abyssal regians o{ 
the ocean because photosynthsifi cannot be carried on there in the al^rnce 
of lights 

Ceograpklcat batnrTs arc such features of the carth^s surface as oceans^ 
laud maA-scs, rivers, mountaim, waterfalls, deserts, forests, and tlur like. A 
barrier to one oTganLsm^ however, may be a highway to another. I'hua, a 
desert would lomt an hn passable barrier to a squiird: but not to a camd^ 
while a foiTst in w^hkh a squirrel would revd would prove an efiectua] 
barrier to a camel. 

Biologkid harners are botmd up in the fiist place with the eiemiiil food 
problem, sint e abMnce of food ol a particular kind in a region may pfrvent 
the advance of iHMidinpr animals* while pa^iefiy of soil discom^aga occupa- 
don by plants dcpendenl upon the mbeting soil constilueuLA 

Secondly^ biological barriers often lake the form of other animak, by 
habit predaceous or parasitic, which hinder or forbid advance in certain 
dirtetions^ 

ThiitUy, the greatest bfologica] bjurier of all k man* ance lie k able to 
cotnml the farces of naiure far more than any of his animal allies^ It should 
also be pointed oiit that limiting biological barriers may exist wiihui animak 
themseUxai in tlir form of scanty witi, hiiik of tnjtiiiiivr nr adaptability^ 
causing failure to ejiti:r into new areas even though the door of opportunity 
swings wide cjpen. 

If the factors of expansion and rrpresaion were cqiiaJ in ah diiertiurut 
ihr area occupied by each species would remain constani as a ptrfeci circle, 
but such a condition it unimow'n. The (rregular shape? and bf>urulariei of 
rbims aiituahy staked fjut in nature by various orgaokms proclaim the com- 
plcn? intemetiun of the fundam^nial opposing forces that detennine distri¬ 
bution. 


Dt. CLASSIFICATION OF LITE REALMS 

An aaeinpt has heeu made by ehorolDgists to divide the land mases 
of the world into /i/e rea/rrj. actor ding lo the dkirTljijtion of aniuuik and 
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pLinU. Such realms in no way coincide with the fanulkr political Ixiund* 
arics thai separate nations Irotn each other, Ixiug mutJa more indefinite 
in their limits. 

It is evident tKaf life ttidtus must vary according to tlie land td animal 
or plant inhabitants selected to servt: as detertninants. Terhapa the ftist 
serious attempt to divide the earth into zfjologicaJ realms Wiis made in 1B51 
by Sclaicr, who based his condusions upon the distribution of birds. There 
are, howet'cr, very' apparent objcriicjns to utilizing Ougrant and barrier- 
defying creatures like birds for this purpose. Accordingly Murray in i B66, 
and more in detail Alfred Russell allace in ]87fi, divided the surface of 
the earth into zoological regions based chiefly on the distribution of mam¬ 
mals, Reptiles, amphibians, fresh-water fishes, Insects, and spidem have each 
in turn been used as the foimdatinn fur /milogical map making, as well as 
various conibinalions of animals, hut manimab undoubtedly present the 
mf« t advantages for this purpose. The reason for this lies in the fact that 
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mammals are warm-b!oodcd» capable! of rx^r.upying a great range of habitats, 
and being the mest recently evolved targe group of animals an Lfie earth, 
have not hatl as muda time as other types of animals to radiate from iheir 
centers? of origin. \>ith consequent confnsioEi as to H'hich speciis are natwe 
or mdemiC;^ and H'hich introduced. 



Fig. 79h Mert^im: map of the world, divided inio Eoologlcal regiaAi and 
lah-rcgkicis. Compare witti Table L tAterirdiag to ^VaiJacc.) 


Wallace's classificatian consh^ts of sbe large regions, each divided ifiio 
four subregions, as indicated in Table L This table also the number 

of difFcrent families of mammalt repn^sented in each nl the 24 subregiciii^^ 
It will be seen that haLi (Chinjptera) ore most pr.ncruUy represented, there 
being no subregion that docs noi have at IchIsi one of the five fornilio of 
bats wiLhiii its borders^ while whales (CeUcea) do iir>i appear at all^ 
liecausc they art: not definitely as^iciated with any land masses. 

Hie richest subregion so Jar as numbers of mammalian families goo b 
the Scuik African, ahhough the Emt Afriain^ African, AJedketrantan, 
and Indo-Chinese are likewise cunspicunu$1y populouE, ITie poorest is the 
A'ew Zealand subregion that has no native mammals with the c^^tcrptipn of 
two faniUjes of bats. 

*rhc mcTcator map of the world (Fig. 791 shows roughly the extent of 
each of Wallace^ irgioiis and subreginns- 
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The study of diorology helps to wive such puzzles as (I) why rdaJi^ 
species, like the edentates in South America, are found in the same cemti- 
ttcntal areas; {2) why areas physically alike, as Afrka and South America, 
have different kinds of inhabitants; (3) why an origmal center for a specie, 
like Wyoming lor lemurs, may have no living reprcsentatii^'cs today; and 
(4) why regkina near together, for example, Rorida and the Bahamas, may 
have quite diverse faunas and floras, while le^ns remote from each other, 
like North America and Eurasia may have many similar forms. 



CHAPTER IV 


TluDLslnbiitioii ofAnmiah in Time- 

Palaeontology 


l. VANISHING SPECIES 

U is quhr as essential to an intdligmt nndemtandittg oT living organ- 
isms upon the earth loday'j to have some vision of ihe long pagcani of 
preJiminani' life in the past, as it is for a statesmaft to be \i'elt versed in llie 
history of events lending np to the state of affairs with which his present 
prableim are involved. 

Speaet d animals and plants, like individiiaJ^ through successive 
stages that resemble the phases of a single life. EKpandirtg childhood, vig- 
orotis youth, sustained maturity, and decrepit old age succeed each other 
Cfuly to end inevitabty in death or extinction. .Sometimes a species like an 
individual may complete its life without leavuig any iwiic behind, hut 
ofirncT, in the long course of its eiusience. it somehow gives rise to species 
different fixim itself^ a process which has broughi about the infinite dlveisity 
of living forms that connect monad with nun. 

Certain conservative kinds of organtEms that are well adapted to their 
nichts in nature pcisist, retaining thdr characteristics without significant 
evoludonary advance for unthinkably long periods of time, svhile other 
species, exhibiting a wider range of variability, live a faster, more divcTsificd 
life and advance more rapidly along the translormtng highway of eviiliition, 
only to meet evttnaion sooner, Tiie brachicpoda, Lii\g\tia and Tfrebratida, 
for example, the modern living representati^Ts of which are hardly to be 
dutinmiished from remote fossil anc«tais found buried in the most ancient 
sedtmentani' rocks, are instance# of conservaiiw species that haw shown 
almost no progma, while trilubitcs, amninnitcs, ptErosauts, and dinceaurs 
arc brge representative groups: of more nmhitiuus onimab, of asoinishing 
tliverrity of form and structuial detail, which have long since paid the death 
penally for their high degree of specioUzatian, 
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tixamples of aU sta^^ of Llie process of cottiuig to an end nn Uic part of 
a ipcidfs may be died. For Itistaiiec, amriug biids tke ivory-hilled wood¬ 
pecker and GaUfomia condor are pntjbahly marked for extinction in the 
near future. This is not so much because they are being crowded oil tire 
earth by domEnant man as heoiiise they arc in the biological blind alleys of 
ovcrspccbJiziition with a coiKcqucnt lack of ability to adapt thcmsdvts lo 
changing cortditiorts, which means that they are ricimtig the end of thdr 
organic resaurccs. In fact, birds lakm as ^ grtiUp i\rc so highly specialized 
that they ha\Tr no future evoluiioimry^ escape, ^ce Thai is possible only In 
generalized lypt^ having eapacUy for further iiLdaptatiuii. 

Ill ere arc people now lining w ho remember the hordes of passenger 
pjgronj^ diat ftimierly darkened the sldcs^ but the Last Indisidual of this 
species died in captivity only a few years ago, while the passing of the dodL>, 
the great auk, and StellcT*8 sea cow are matirni of recently recorded history* 
The hairy mamnifaLh* New Zealand moa, iia.bfi>UM.>thcd tiger, and w'oolJy 
rhinoeen% came to thdr end just befure die lie^nulng!!. of recorded hu- 
nuin liistory. Back of these recent antiquities sftretches a long mlemiinftble 
line of voricius species whose chapter of existence closed so long ago 
that our ordinary measures of time entirely fad to expres the fact ade- 
quacely. 

Tluirc is no doubt that Uving sped® number but a small frarticm as 
compared w^ith vanished ones formerly peopling the globe, whose race ha* 
long since been run. 

TIic dawTi of life is unknown, for the oldest sedimentaiy rn^cks m whkh 
the first known evidcucea of life appear a wdde varietv' of forms, Auch 
^ protozoans, sponj^es, corals* jell^ftshesi echlnodcrms* worms, bratlibpods, 
mcdlusks, and trilcibilcs. This nieam that the great Canterbury Pilgrimage uf 
orgaiiisins had already been traveling far J^omc time along the c™lutitimLry 
road, before we caich our fim glimpse of the pageant. 

IL FOSSILS 

Fc3^b arc nature’^ hieroglyphics. Tliey indiide the itiim total of ouf 
actual dcjcumenLaiy^ evickme of organic eralution, and l^esides form the 
alphabet in which ihe language of biological history h wTincn. Sir C^harlcs 
Lyeil, the rmlncnt geologist who did so much to inlluencr yoimg Chiules 
Darwin at the begum Lug of hk career, defines ,i fossil aa *^any body or tracta^ 
of body* animal or vegetable, l>uned and preserved by natural 
I'lvTry fqfwii L* cither ancestral to some living thing, or h repTmrnlative of 
an cxducl line. 


Dz^fri&u^jon <tf Aiimwh in Time gj 

The science uf Tcks^, oi' the ancienl hkiory of animak and plants, h 
called Pdld^ontolcgj, 

L Fnrrner Tdcai Abciifl Fossib 

Fossil remains af aninials and plants, iiiiknugh binwn for a long limc^ 
hnvc: been variously misundemood in the past. To x\ristotie and the ancients 
tiiey artiBciul rtaulls of spontaneous combu^tinn^ or alxjrtive ailempts 
oi itiorgaiik nuitixu" tu take on the form td life. Einpirdtitles^ i^ho found fossil 
hippopotamus bones in Sicily, thoujdit he had discovered a battle-ground 
wliefe gods and titans foughL Henrion, in 1718. rcganled fosslk as molds 
and casts left over rn tlsc creation of animuh and phmts. He wja the cock- 
sun: wriicr who reported that the height ol Adam was 123 feet and y inches, 
but ilince lie cafdessly neglected to specify whether or not the measurement 
was taken in his “stocldng fret," ;md he did luit rn*ikc trleur how he 
arrived ac his rcsiiUt hh opiniuii U regarded with some suspicion by modem 
nCEcnce. 

As lotc as 1823 ^V^11^am Bucldiind of Oxford wrote learnedly of fossaLs 
under the title, On Obst'rtaiwnr Organk Remains aitesiing I he Action 
of a Univemd Deluge. Lyell states that it took a huadied ^md fifty ycani of 
dispritc On[l argiimmi to persuade ^hnlars thal fossik were rrally rrmaliifi 
of what were once living organisms, and a hundird and fifty year^inore to 
convince them that they were not the rcsidts of Noaltk Hood, 

Today a vast number of foss^ils htixe been rccovered fram oblivion from 
many parts of the worid, and together they present a most illuminating and 
coii\i4icjrig mass nl eviilmce conctming the ancient iuhaliiLuits uf the earth. 
Path when fragratwiary and imperfertj as mast of ihcra are, they fiimkh 
irrefutable proof of \'aiii£heLl life. The only questions that arise about fossils 
iod^y concern ihc resturaijun of mining partA, Uic perirwl or geological hori- 
i£ou when they Iiv^d, and their place in the ewnlutionan' Dr, ladl of 

the Peabody Micm^um at V'nlr Universitv, whose wide knowledge of fossils 
gives weight to hL% opinion^ declairo that ^*uf the finally alablt^ied facts 
ivhich the fosdb proclaim, wc ane certain as wc arc of pinything m the 
world.” 

2, Conditions of Fossilixatibn 

VariniiS Fariors utrr involved in (he process of fi^ilkatTon. There h no 
reason to bdieve that these factnjs which have liren effective in die post are 
not al work today* The great majority of individual animah and plants do 
not Ix-comc fosral% hut return at death to their inorganic origins alnuE: the 
route of decay, or by bring dci^ouitd by animnk 
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II h usujilly cssendiil th^i hard parts like boncs^ tetlh^ shdkt sealttSf or 
chidn be prcstJtlj and that the conditions lor natural burial and the exclu¬ 
sion of air be such as w aid in ilic presm^ation of these parts. 

HoweveTj Dr. C. D- WaJeott has published a book of unexpccied facts 
tonccmiri^ Medusae^ in v^hich are pictured a great variety of these 
fragile creatures wbkh succeeded iii leaving a fosail record of themselves in 
spite of the fact ihai their jcUylite bodies had ac hard paitB^ and were o^xr 
95 per cent water. 

Tlie tnatincr of burial in fos^lization may be sudden and catastrophic^ 
as by landslidE^ earthquake p devastating floods overwhelming sand storm^ 
or by a rain of volcanic ashes such as fossill^d the enux^ cUirs of Herru- 
Lancum and Fompai^ or it may l>c c55ccedingly slow, as in the formadon of 
sedimentary rock under watcr^ ilie incrustations^ ri^^tulting from iramerBioo 
in minrraJ'impregnatcd hot spritig^^ or fay the drip of lim)’ w^atcr which 
forms stalactitra and stalagmites in timc^oTie cavemrs. 

Quicksands-^ swamps^ and bogs may cng^ilf animahi also and thus^ favoi 
fossil fomiatJDn by preventing rapid decay through the exdusiCFn of air. 
a matter of fact “bog water” is said to possess antiseptic properties to a 
irmaHoiblc degree. 

Aniber^ which ii fossilised pitchy or the solidiRed juice of rcsinoua plants, 
fuTTiishcs another kind of burial place. Insects; crawling <io the trunks of 
aiiCient conifere^ dm; became entangled in the sticky exudations there^ have 
succeeded far better tlutn any ancient mummiBed Egyptian* drcMiIng of 
immorLility'i to perpetuating their maruit Ixidies intacc in a wqfld of uni¬ 
versal decay. 

At Runehu la B^ca^ near Los .\ngtJw, Calif am ia, thae are famous 
asphiill beds iii which at some time Jong ago a great varic-ty of animals, 
horses, tapirs, llamas, ctephanti, mastodans, giant ilnthx, huge wolves* lions, 
and sabre^ioothcd tigers, were not only entrapped and killed but were ab< 
preserved as fossOs, 

In detritu-s-filled cavems where dying animals have retreated, fossils are 
frequently fouudi 

Sixty miliQ tmrih of the Arctic Circle at Bcresj^'kai, in Siberia, a main- 
moth was discovered hi a pit* frt™i and sfi pi'rfecdy preserved In ice that 
some of the flrah was eaten by the dneoverers, many tlionsond years after 
it waB acddentally’' placed tlirrr in cold storage. Thii was not an hiohtted 
tSisc^ Many odier Instances of ftnzen carca^^ea of mammuilis have hern 
repcjrlcd in noithmi Siberia. 

On oceanic blaniK fliich as the Chincha Islands off the coast of Pent* 
^vherc for long periods of time sea birds have resotted to nest and where 
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there b $carccly any rainfall, the dried excreta of birtb, commercially known 
ax *‘guano,'* is depooted, frequently Uj a ckptli of several hundred feet, fot m- 
ing a natural burial place for organic lemaituSL. 

In the Peabcjtly Museum at Yale University b the skeleton of an extinct 
species of ground sloth, Aototheriumf that was recovered from a cave In 
New Mexico where it was buried and pn3cr%'ed in bat guanos The prraerva- 
tion was ao complete that it was poasible 10 determine fay the stotnach con¬ 
tents tJiut it died in the spring of the year, and that the vegetation of Pleis¬ 
tocene times was ptactlcaJly like that of today. 

3. Uses of Fossils 

FufisEU, as Dr, Joseph Lcidy many years ago quiiintly said of the Pro¬ 
tozoa, arc chierly useful Jis “food for the intellect,” 

Among various inielleciual uses to which fossiTs are put, not the least 
is that of "faith testers,” so called by good people alarmed at the sdetit evi- 



fig, 6(1, The evoJutiuu.oJ ihe euxlem hone, £^uf. (After MuifvwO 


dencd thus presented of ihe great antiquity of the earth which they had been 
taught to believe had hcai orated only a fov tlmusand years ago. To the 
M ienlist tbrsc “medallions of creation^' show first of alt i^mcthlrtg of the 
radal of animtds and plants. In the absence of direct evidence, the 

past history* of most animals and plants must remain largely a matter of 
conjecture, hut there are stuac authentic jnstaaces of miidcrn animals whee^ 
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ancestral modifitationA arc written vtry legibly in tbc foaib that have tKcn 
found. Far example, tiic home has a well established family tree extending 
backwiinl wjihout serinm gaps for at least three milibu years to the little 
four-toed MCcsicr^ Kohippuj, of Eocene daj-'S. Tiie actual evidence for 
thb reiiwkahlc pctligrce may be seen by juiy \Tsiuir at the AmCTican 
Museum of Natmal History m New York City, or at the PeatkHly Miiscum 
of Yale Univeraity in Xetv Haven Fig. BOj, 

I'of^ils arc furLhtintujrc iiseful ai? indicators of past ^Umaiic conditions 
till the eaTth+ The discovery of fossil palms in \S'yarning* breadfruit iti Cali- 
fumia; Icmsc In Greenland; randeer in France; and musk oxen in Rm- 
turky, records the indispuLable faci tiiat pTofound changes in ctimaiic con^ 
tiilinns have occurrrd Jn all of these places in the past, 

FosdJs also ser\c as meosufa of iimr. Just as the date upon the 

comer 5 <Icstic indicates the year when, the buildEng dcdicateth so the 
presence tsf certain tv'pes of fos&ils m a particuliir stratum of scdimentairy 
rnck indicates the approximate lime when those rocks wett; laid dow^. Or 
to state the v^lue oi a time measuo: by a further comparisiii^ Just as die 
character / Instead of s on the pap! of an dd book the limit of its 

publicatiou by the year IflOO, ahoLii whicli time the character r replaced f 
in general so the pn^ctirc of a tmic-dating Id^II cm a geologic page 
measures the limits of its formation. 

4. Ktnck of FossiLi 

Tlie following classification of difTcrmt kinds nf fossils Is modified from 
that given by Profesor R. M Field Tn for June 25. 1920. 

I, Thou- fumkhmg dirret evidence: 

K Actaai rrmomi, jiirh ai in«cls m ^ber, and mammoths in icc; 

2. MittuU Tfphrfmf^nU^ mnlcculc hy moleoile of the origtital orgaisie mat¬ 
ter by miDeral saJts^ rwulting in pelrifortian; 

3^ CooTSf placemicntSj sexondhand copiiis of onginals by means of maids 
and casti; 

4, and tmprcsiiQns^ of leave?, Jrltyfiih;^ etc_ 

II. Those fumislumj itidirfct evidence; 

1* Coprotius^ that is, solidified exerrta or caiu of the same; 

Z A rf if acts, such as atit^hOh or prr hlUodc faihioned flints;^ 

3. Tracts^ and ^^urrou jr, .dJ auKigrapiy of living anEmali; 

4. Gealagtc formoUonSf orl^muing fmm organic Kjurcts, such ai graphltep 
limeilmit:|, fiint, coal, and petrolcump 


Ihe Distribution of Animats in Imie loi 

HL IMPERFECTIONS IN THE RECORD 

Huxjey s^id that the whale getilogie record of fossik ia ^^only the skim- 
mings ol ilie pot i>f Although Incomplete it h ncvcrthdcis ihc mewt 
eon’^indng evidence of the storj of the past. 

The absence of suitable cemditionA for fos&ilizatiDE which sumounds the 
passing of the majoriiy of aninuds .tnd plants, as well as the inarcia- 
sihiiity to ttiiui of most of the fo^ils that actually succeed in being fomied, 
make the task of Ltic pal aeon Lologbt a partieularly dilheult oue- The pages 
of the Great Stone B<Kik on whkb the hnricd dead ha^r written their own 
3ijtDgniph& cannot be freely shufQed over in order to read the story eon- 
lained therein, because they are firmly stuck together. The fossil w'ritirig is^ 
therefore, quite inacccssiblr except as lucky chance reveab enticing frag¬ 
ments of it, as whm slow erosion bevels down the margin of the page expos¬ 
ing same few ^irg^nlc ayUiables^ or wlicn, by the pimy cngmceriiig feats of 
man, die surface uf the earth is ^mewhem scratthed open, acculentally 
oncov'cring pan of ita buried treasures. 

In many instances the natural scquaicc of rock stratification has been 
so confused that the indent finds the pages of his t>Dr»k misplaced, by db- 
turtion, faulting^ or foldings as m mountain formation. The more recent 
straia sometimes even come to lie l>eneath the older ones. The trreguhLr and 
frsigmeiiLaTy rharacter of the fossilifcrou^ strata thus gready mcr^ses the 
difficulties that confront the student who w'ould rorrcctly read the story' of 
the pasL 

Sedimenlary' rocks of the earrh^s mist containing fo^tk aie not arranged 
ill uiiifciTTn eontimious strata chat envelop the entire globe tike the layers of 
an onion, but fann in patchefi of unequal Uiickuc^ and extent, according to 
ilie distrihiition of the water areas at The time of their deposition. There h 
no doubt that (he earlier records of life in the form of foesib ha\'c in many 
cases been entirciy obliterated by the action of beat and pressure during the 
meumorphosis of rocks mio gnrbs^, marble^ and granite, whlie the fo^ils 
that are buried in sedimentary rocks of the ocean lloor are ""forever hidden 
from hammer and mind.” 

According to the Bureau of MineSj Departmetii of the Interior* the 
deepest hole that man has e\er made down into the undisturbed fosil- 
fiearing epidermis of the earth is in Wert \Trginiap where borings to the 
depth of 7579 feet w ere irmdr in search lor ouiural gnis. The deepest mi nr 
in the world Js paid to be the Sn John del Rey mine in Brazil, while the 
'"VHlagr Deep^' workings of the Transvaal gold mini? of South Africa take 

•Sci'rnrf.N, S., f.X. Nn. iMb 
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second rant wiili n drpth of 6263 feet. In die United States^ ihe deepest 
tnuic unrkingB art Lho^c of die ''Caljjmet and Herb” in iMichipaji which 
artr ttporlt d to have reached 5990 t<xi below the surface. Tliis is a distance 
of abcjul iL milt and is die ueareat approach tlmt man has ever madt to tlie 
center of the earth, Xliese iittniordiiiiLry depths when compared with die 
total diameter of I he earth* or even with the: known ihiLknc^ of fosEiliferous 
rocks, are so insignificEmt that it h duubtfnl if ihey could be f^raphically 
repftsented to scale even by a shallow scratch on the surface of a four-foot 
globe. David Starr Jordan has truly said that the case of the p^fclaeomoIogist 
much like that of a traveler w ho, landing for five minutes oti some nemerte 
cutTicr of Australia, forthwith aiiempts a dtat:ripdoii of the entire coiidnont 
from the observations made. Tlie wonder is not that htilc is known of the 
fossil record of animais and plants^ but that, in die face of so many diJli- 
cuUicSf £}0 complete and coun-cctcd a story' of ancIctK life lias been unearilted. 


IV* A GKOLOCIC TL\fi: SCALE 

'I he fragment of eternity that comes witbin tlie viaiort of thr geologist 
has bce:> divided into unequal rf^tf of time, beginning after the earth had 
i.oolni dow^n enuugh to be clnthed with an wlmospherc and to have its 
surface dlvTusificd into areas of laid and water. See Table fj. Tlie Riiccccd- 
ing eras are measured by the time laktii to form stmtified mtb thremgh the 
Cfo^sicFTi and disimegration of tlie original fire-fused rocks, and the subse¬ 
quent rcajraLngeniejit of their component particlei as sedintmt under water- 
Suefa sedimentary rocks oilord sjincmary to organic irmaiiss and form the 
happy^ hunting grounds of palaeonlologists. 

EraB from ancient to modern timcB are^ AitcitAzozoic, I’aoTT.RDKon:, 

pAi^ATiozotc, Mfisoaojc, and cenckojc. 

The ±4Ttht7itQzoit Efu ib cliaracterizcd principally by igneous and meta- 
morphoscti n^cka without pTo^'ed fci£sils4, aithough traces of graphite indicate 
that plant lifc^ pn&bahly in the form of piinutive seaweeds, murt have been 
in cx^ence. rhe fiery^ furnace that fashioned the archaeozoic rocks, how¬ 
ever^ w^as no suitable place for the preservation of whatever organic rcntidns 
existed in Lhcisc formative 

Thr Ere saw the slow' rise of (he lower plants and most of 

the main grTTenil types nf invertehialc ajumals. Together vrith the Ar r h a eo^ 
zoic Era, according to PrufcBsor Schurhcit. it ronstituics over one half of 
the total column cif known sedimentary rocks, which reaches all tfjgcdier a 
maximuin thickness of 114 nules in North America, although he qualifier 
this statement by sayings “In no one place, however, can be Been more than 
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a KiriaJ! part of thk ^c^tofdup for ugually ihe IocaI thickness is under one mile, 
though there are limiird regions wlierc sis much twenty miles of k are 
presenL^* 


TABLE IL A Geulo^c Tlmr Scak (Alter Srlmeiiu'i atid thakir) 


CJIA 

PEiUOD 

TIME • 

oiiAaAjcrrpniJrnc F£ATi:nES 

Cenazoie 

QuOTtEnary 

Tertiary 

1 

65 

Periodic gladaticin. E^'olviag of man* 
hfainmals evolve rapidly. Man diverges 
fmm apes. 

Me^xoic 

Cretoceoua 

Jtirauic 

Triage 

200 

First placentals. Extitirticm of dinosaurs, 
ptfTodactyU and toolhed fairds* 

Rise of trlroata^ binls, and flying reptiles. 
Rise of dJnoaaur.s, First primitive niam- 
nials. 

PaJaeozoie 

Permian 

Carboniferous 

Devenbn 
Silurian | 

C^rdovician 
Camhnati 

550 

Rise of reptilti. Another great icjcr 

Rapid ewTutlon. Many extindion*. 

First known reptiles. Rise of insects. 
Accumulation of coaL 

First knosvn amphihianA BJse of £shas. 
First known land flora- 
Fint fished [ostracoderms), 

Abundance of inaftae invertebrates. 

ProtETOBoic 


1050 

Algae, Pmtozoa^ lamiTr w-onns. 

Early and late glacial jX-riods f ice uges). 

Arehaeoxoic 

1 

2000 

Ojigin of pmtophmii and simploi lifen 
Little ^"vidrncr of life. No fossih. 


* Miilium of ritmiAtcii to Imvc f^kpfled unec bcgiimiug uf era or period. 


Tlie Palaeozoic Era has been called the **Agc of Fkhc?” because these 
animals bccairtc donijnnnt during tltis time. The actuiil inicrv'al which 
elapficd in the Palaeozoir Era has been esrimated as ahenit 300 million years, 
KureJy ^uffirieiii time lor many dynasties of phints and animals to have hod 
ihdr day* 

Folbwrifig the Palacmtuk* the AicMoioic Era w^imeised the '‘fJoldcn Age 
of Reptiles,^' some T50 milljon years long. 

rmalJy* tlie Ccaozaic Era^ or **Age of Mammals/" pmljahly rtpmsctils 
a little mort than 60 million years. The gedlogtsU usmUly SFubdtvide the 
Ccnozoic into sewn epochs so that beginning with the oldest, the Tertiary 
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is DcuiiJc up of tlie Pakor^wc, Ewcnc, Oligwene, Alioccnc and Plioccf^t 
which Ate ihcii followed by the tn a QuarternaTy epochs, the Pleistocene and 
Recent. During ihc Pleistocene there were great climade changes in tiortli - 
cm Europe and America^ Possibly as many ars four differmt tinted a 

gratliiat fall in the tonpcnitnn:: of the northern United Stales and southern 
Canada rrsuited In a southward aclvimcc of the ice sheet to cover these areas 
fur lens of thousands of years, only ti> be followed by a iitdhcient rise in 
lempcmtiirc to bring about a retreai of the glackra and return of these areas 
to leinpefatc or cveu tropical conditioiis, Thuit periods ol glacLatiDii alter¬ 
nated with interghieial periods. Similarly^ arras of northern Europe were 
subjected akemately to lung periods of gbciaiioo and lemperate climates. 

The most recent episode in all this great moving spectacle of earth trans- 
furmatk>ri la the story of kumun evalutiont extending i>vej unly a few hun¬ 
dred tJiuusand ycara at the outside^ which in comparison with the stretches 
of time under consideration is but the thinnest surface film on the face of 
an nby^al ocean. Our actual fosdl records of man are limited U> Flektoccne 
and Recent dmrs. 


V, Picm^s PALAEONTOLOGIC^VL LAWS 

A summary of some of the more important condusions which foUow 

from a study of (usslb is embodied in the six “laws' ^ adapted from Trm/tl 
df by JuJes Fran^uis Pktet {1^09—1672)^ its 

follows' 

(1) All stratified rocks may contain fossils, therefmr, Hfe ha.^ pffsent 
<in ihi mrih ai kasi since the beginning of the Fntaenzoir Era* 

(2) Tlie olflest sUata cnmaiii extinct fperies and largely extinct genera^ 
while more recent strata contain forms like the living, therefore, iht 
deeper the itfatnm the mere divergent [tom those now liuing ate the 
forms found that»in^ 

(3) Different fossil faunas and floras follow each other in the same sequence 
c\wy^vhere, the byers nearest logrthcr straiigTaphitaLlty contain fonm 
most alike, tliereforc^ fossits show the euotution of forms from one 
another^ 

CionsLim change b the inriitablc law of life. Species rharacterJ^tu of 
one level nr lime art partly or romplctcly replaced later by rjthcr 
species, therefore, Specia are not permaneiU or unchongiug but ore 
eonstanUjr giihng way to modiprd forms that are presumably brtUr 
quoiiped lo occupy their place in nature^ 
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{5) Specks, w wd] its LndivuluaK pass rtgutarly through a cyck, tticJuding 
ioiancy, ^louth, maturity, and senility, thcrefoie, frtanj* groups of 
org^ims (M graptoiites, trilnhitw, and amnroniies), hatfS died out 
fttlird/ and do not reappear, having compteled their cyete^ 

(6) The approximau; age of any strattini may be deterroinrd by the degree 
of sunaarity «if its fossils to living forms. Simitar fosals bi diffejeni 
regions arc indications of geologic strata of contemporaneous fonna- 
^ tion, therefore, fossUs serve to detertttine the age of roots in which they 
are found. 


CHAPTER V 


Man in 


L THE ANCIENT HISTORY OF M.^ 

One qI tilt ridcUi^ thai perennially charrm and chisllengw il^ is the 
nri^in nf mankind on tiiii earthy for ihe fan her bark we go the more vague 
is our knowledge about mm. M a matter of fact k would be much easier 
to collect data afjoiit the iniquUy of man than about his antiquiiy, because 
tlicti we would have no lack of material for our discourse. 

The sybjrcl of die atitiqiiUy of man must always remain more or les^ 
shrouded in mystery. The realiiy of human antiquityp howe^-cr, cv^cn in 
fhr absence of specific details^ is beyond questintr 

Twenty yc^ agn Professor Waller drew^ the following perS 4 jfia 1 iUtis- 
tratioru ""'flic writer was bom sometime in ibe nineteenth century. In the 
eyes of children cf the twentieth century he must seem to be quite ancient. 
Hr Can I'rmrmbcr when there was not a single automobile in existence. He 
has lived (hrongh the entire Golden Age of the Bicycle and participated in 
its rise imil fall. He recalls wljrn ihcrc was nn radio, n» telephone^ no phono¬ 
graph p no electric tighis» no X-ray-s, no t^pewriteni, no modon pictures^ and 
whim Darius Green and his Ftying^ by John T* Troivbridge^ rep¬ 

resented the final word in aviation. He rcmemhrTS his grandpantnt^ as very 
old pet^pLe, associated w'ith ox trams and candlelighit for they w'^ere babes in 
arms w'hcn the war of 1812 was l>chig fought. Their grandparents in turn 
lived before ihr Revolutionary^ War and ev'cn tradituma about them are now 
vague and haity. Back of them thert: must have been many other genera* 
lions, but they lived so long ago that die prcriicnt day lias entirely Ice=t right 
ul thetn.^ Beyond this personal survey, it is pcjt^hlr to result (o pages of 
historyi going hock in imagmatlon to hoar)" landmarks of time such as the 
discovery of America^ the Norman Invasion^ I he dramatic beginnings of the 
Christian Era, axid far brvxmd th^ milestaneA to remote semi-mytbital 
da>Tt when the Ten Tho^miid beat their famous tetrrat, or the Children of 
Israel passed dry^hod through the Red Sea, or when Tulaukhameii wa« 
living llesh and bloixi Lnslcad of a celebrated mummy, 
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The palaeonLdogi^^t taiigm in bh sleeve at anyone who pauses to f;on- 
sidcr surh contcmpoiar) e^ ^its as these. whDe the asrmnomen dreaming of 
tlie majestic majiili of worlds odicr than ours, pities the Hhort-sigJned pabe- 
oriiologist ivhij is cntiLent io dwell on fragment of time as slight as Geologic 
Ages. 

How far baciituto die aiiadowy pa^it can the Uicketiug torch of hnmaiilty 
he followed? What are the factfv abemt the antiquity of man? Was there 
ever a time so remote that man was not man but sonietliing eke? The 
sciences of Anihropoli^f^y, atid Pr^histoTk Arthuifiylogy arc enneemed with 
qnegtJans surb as these. To cottfinc OLtrscKcs to the rvenls nf our own day 
and generation, alisorhmg though they be, is like ir^'ing to breadic in a small, 
closed, stuffy room, 

II. I RADinOX ;\jVD EVIDENCE 

Various traditiDtis of human origins are a part of the folklorr of even 
racial iitorki One legend of the sudden inorganic origin of mankind is char 
of Deucalion and Pyrrha. who, at the nugJipestian rif Jupiter^ peopled Lhr 
earth by simply thmwing stonua over ihcir shouidejs, the slon» bcctiijung 
fidl-grriwii nurn and w^onicn according to which one of the rcteedal pair did 
the throw^ing. If tlicse w'oiniicr-wwkeia had operated upon a gbirial bOlside 
of New England^ instead nf the summit of Mount Famous w'hcre atones 
3Txt rather scarce^ no doubt the ox crpoputinioii problem would have bixomc 
acute much earlier. 

The Greek and Roman classics arc full of naive laics of dryads bom of 
tfccs, and of Gala teas coming lo life from cold marble or llfeina ivory. 
Such storied; anil tradhions,^ however^ are ill no stenjie of the iictual 

origin and antiquity of mankind on the eajtlL These cvldtneca must be 
sought for in less roioantic records of written history, in hiimao fossils, and 
in pcnikling works of vaiusbed hands^ or indirect testimony of varioiiit kind^ 
from other ^puinres. 

!n /VmL-rira histoncal rcrorck of man practically date from the disrovcfy 
1>v the whites only a few centtiric? ago» although there are abundant archi- 
tccturai rrmnins in Mt^ko^ Clciilral America,^ ainl South America, that 
mark the presence of earlier, highly advtirit'ed dvilhratiotiji^ now v^in- 
isheiL 

In Europe man was in ii ctinditiDn ol LUiterate ^^xTigcrv long after he 
had oTtained a high riegrre of tlcv'clopmrrif ebewhere. Rcrorded human his¬ 
tory goes back wth undoubted asaiurance only about 5tH)0 yeans, continuing 
tn Egy pt and Mesopotamia with halting strpt for perhapjs 2000 vearv more. 
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after which the historical recorJ fades, and it beccnic^ necessary in tracing 
the aiilii^uity of (nan to resort to the unwritten evidences of ftrehistory. 

llie prehistoric evidences of liiuuan antiquity may be grouped in Bve 
categories, as foltows; 

(I) Indirect evidence from tl(c iength of time during which the earth has 
been habitable by man; 

(2 i liidirrct evidence from the amount of lime which must have elapsed 
if) order to allow mankind lo reach his present degree of tlevclopmcnt; 
(3) Indirect evidence from telltale fragments of extinct Jitiimak found aso- 
(dalcd witli human temalns; 

{4) Direct evidence from actual preliistoric human bones ; 

(5) Direct endence from the enduring handiwork uf man. 

Some brief rxpliuiatian and rlabnratioti uf these different lines of evi¬ 
dence is neccs&aiy to make their content clear. 

III. THE H.\BITABI.F. EARTH 

Astronumers, physicliits, and geolo^bts all testify to an unlhinlcably 
remote penod of time since the stage has been set fur human life upon the 
earth. It does not necessarily follow that man appealed as sorui as the earth 
was ready for humoti occupancy, but this icstimony dehnitcly removes any 
objections on the score of possible geological unpreparedness with regard to 
his abiding place. 

SdcntKrts have made various esthnates of the age of the earth, using fat 
their calculations such yardsticb as the rale of radiDaclive transfomiations. 
the rate of lieat loss frum the cooling earlh, the time mjuired for the 
wealhering of rocks and their subsequent deporitiim as sedimentary strata, 
or the time necessary to allow for the leaching out by w'atcr of the earth’s 
crust enough to make the oceans as salty as they ate today. The moeit recent 
estimates, based upon radioactivity, place the age of the earth at near 200t> 
million years. Hurst say*; ‘*One of the mcist leniarkablc features of modem 
science bt the rapid expansion in recent years ol the scientific es timat e* of 
the age of man. life, the earth, and the universe.” 

IV. THE TIME REgL’lRED 

.Anatoinically the human body U a collectitm of pans, assembled in vary¬ 
ing degrees of perfection. There is every indication that the process of 
adaptation and modification n rtfll going on, and that the human body as 




Mm m the Making 

Vrt Ll todsiy IS iJitf refill of rcpcraicd chsxigf^ which have tak<!n plarc ill 
the pii^L 

1 liere if* tio stmeturai detail in the humari bcwly not fqirsJiiidowcd in the 
Inwrr animahj. The tracing out of racmblances and sequences in stnjrliiTe 
and orjjanization between difTerent aninnds and man is the peculiar proviner 
of Comimratw^ /I ni2iomy^ and the maas of facts w hk'h canstitntes the work¬ 
ing basis of thb biological science furnishes undeniafak evidence hearinf 
upon the antiquity of man* JusL as a modem ocean Jiner, wilh its luxurious 
appnmtmcnls and clFidml intricate machinery, gives evidence of years of 
invTUition and experimentation with prclirainaiy^ boats of a lesser order id 
daboratioti, so the four-clmiibered heart, the larynx, or the brain of mm\, 
to anyone who knows something of the detail and comples^jty of these 
organs, tclb a Jong story of preparatoiy i^ariation and adaptation thiit mLtat 
have required an enormous length gf time for its aecompUshmrnL 

The sdenec of Ckiiwlogy^ or the gtf?graphic-a] clistribuLinn of animals 
and plants over the fatx of the eantu fumislit^ abundant evidence, of an 
undeniable kinch clT Lhe autiquity uf man. The spread of human lacings 
the uttcmioflt comcra of the earthy which we necogniee as an accompljshcd 
factj could never have occurred by any series of migraiions from common 
ccnlcra of origin without involving tonxiderahlc lapses of timcH 

Two Cither firldi of adeoeefc Ethnalog/ and Philfitajjy, also ptnve the 
necesiity of poShtuLting an extended period of past rime for the existence of 
rnanx in order to account for the present development of ciLKtoms and 
languagtSp 

Ethnology deals with the cnsiom^s and iiisiJtutions of the various r/i^^r 
af mnn. while philology is concerned wuth human language and! ite evolu¬ 
tion. Ill both of rb&c fields man has attaimxi a high degree of speclaljza- 
lion. When one attempts to dlwitangle the various $teps that must have 
prereded it, iie is carric^d back so lar that there can lie Qg doubt alwitd the 
anriquitv' of man. Morttsvef* as Fhjmcd An!hwpt*hgy sh<jw's, the great race 
I'll Visions of man kill d into riiOPC dressed in iniegtimcnia] tmiforms of black, 
broivu, relbw, mid W'hite are of no recent growth bul were already disttncl 
Jong before the bc^iuiing of the hhlriric jKrttnd. 

.■\s ftpr lanjinm^e iivhich makes possible the oral transfer of experience, 
fJngutitk Pdtiit^oniohgy showu^ that each of Lhe liom ho^ uf the i^o-caJled 
Vnaii group of primitive bngnagrs, Peman, fndbn, Semiik, Romancci 
Hellenic, Slavonic^ Tciimnk, and Keltic, has its rix>ni buried in antiquity, 
llie Hebrew and Arabic longues are lyjth andrnt languages and neither thr 
original of thr other, and, ilirrefure thrs' are derived from still more rcinotf 
ancestral sources* 
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V. ,4llCrLVEOLOGIC4L CHRONOMETERS 

In some instances the Handiwork al man ba^ aumved for a longer time 
than hb own bants. The enduring touiih of ihc vanLihtrd Jiand b particu¬ 
larly apparejji in the case of the "IndesEjructible tiini"' iwb and weapons 
which he fashioned, Tlic more important e\id«nicca of hninan antiquity 
lhat fall within the field id Pnkhtork Archeology arc kitchen middetts, 
pile dwellings, p*unted grottoes, monuments cl various kinds^ and fatoned 
flliiLa. 

I ^ Kilchen Attdtiem 

Kiuken midil^^nt are ajidjent garbage dumps ivlicre prehisuiric man ci-T- 
dcjidy coiigtc^iied and fcasieti Attenuon first called to them by 
Thomsen in 10!JB who described diem from Denmark. Since then they have 
hern noted in many other Idealities widely separated as Japan^ Spain, 
Brazih Oregon, Callfomiai Maine, Denmark, the Aleutian Islronds* Terra 
del Futgo, the narth coast of Africa, and the shenres of the Baltic Sea. 

Kitchen luidtkns roiwif^ principally of enormous miwses of riidh that 
cottld not have been rollrctcd Together by any naiiira] agency. They usually 
occur near the seashore, or where the scariiore once was, bcoiuse titere 
primitivT man had easy access to u iiatund fni>d supply of shellfish. Mingled 
with shdiilsn remains arc sigmh^ant archaeological treasures of various 
kinds such as teedi, bona of auimab eaten, fragmetita of erode pot’^ 

trry'j anril stniics, hammci&, implements, and ornaments of differtui sorts 
made out of stanCj obsidiau, and Bint, while pieces of chamed wood and Bal 
stones blackened with fire indicate^ di-cn to an amateur arthaeological Shcr- 
Ifxrk Holmes, the use of fire by die people who left these extensive piles 
of refuse* 

Some shell heaps, like thoec ofn the coast of Maine, for example, do not 
Ijcar the eamiarb of great antiquity,, probably dating oo funher back ih4in 
prccoIcmiaJ Indian duys. Other kitchen middens, however^ as ths^se of the 
Baltic reginn, contain intertud evidence of great age, far they cemHist largely 
iif shrill tif salt-water mollusiLt. which cannot grow in brackkh or fresh waters 
That characterize the Baltic Sea today, but niu!^ have Bourbhed long ago 
when theft was an open commuiUcation betweeu the Baltic Sea and the 
Aalt orran. 

2- Pile Dw elling* 

The Greek htstorian HemdotuA gives a detailed account of Thracion 
oboriginfs who dwelt in rude huts built upon pile out in the wateni of Lake 
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PrailoB in tljt land Lbai is now Rinndia. This most interesting expn- 

nmts of this &iyh ol sofii-acfnatic art hitcctiije arc the still older latse dwell¬ 
ers who U\ied and died probably some GCHJG years b.c*^ or just be von d ilic 
outer halo ul written history. They represent ii primitive type of vanished 
civilizalioD that came to flower partictilarly in the general region centering 
in Switzerland, w^here tJicy erected their pile dwellings along the niargim 
of numerous jMpbc laics. Ehiring a year of great drouth and low water Ln 
1854^ tttc submerged ruiiK of some of ihcse curious pile dwellings came to 
light on the shores nf Late Zurich, and iSuhsequently n large ritimber <d 
sunken remaitis of pile-Luilt settlements have been discmxrcd, while from 
the MiTTOunding mud a gteat nuinber and %^Ticty of reties hai e hceii recov¬ 
ered that make pc^ible a fairly ccTmpIcte picture df the kind of life these 
ancient lake dw'ellcxs lived,. The sites nf 2011 oJ these prrhktQric lillagcB 
have now^ been located in the Swiss !ake$ alonc^ 

TJir pilc-dwtUcov represent a dedded adTOivcc over the prccariDUs 
nomadic life of the cave dwellers who preceded them. Building together 
upon piln? ont over tJic water enable d them to establish a liaven of com¬ 
parative safely from tiie as.^aults ol hes^tik marauders and ferocious beasL-^, 
at tile isaine time furnishing ihc security and leisure nereffiaiy in taking initial 
steps in imEntion^ the ans of peace, and of organized warfare. 

The pile divellcre made dugout canoes and erudr pmtcty. Primitl^t agri¬ 
culture and food storage were do dniiht stimulated when pittery containers 
wenr inventetL The anccstfiij figdeaf had long since been replaced bv furry 
skins and hark cJolhiiig on ilie part of the shi^'crlng tavc dwellcis of the 
icy PlcutDccnc but the pile dwellers w'cnt further and supplemented 

iheir wardmbes by fashioning te?rtj1es^ fmgmentfi of w^hich wetv prr- 

served buried In the tnud. These may be seen In tlie Aniiqtnariirhf's iMtu^um 
m Zurich tcigrther vi'nh many nthcr specimens of the preliistoric handiwork 
of the \Mnished race of lake dwellem. Lining over the water diJubtlr^ 
insured some degree of primitive sanitation ujikoowtt^ or at least unlikely, 
among thusc whty pitched tbrir camps in cavrs and forests on Lind. 1; can- 
tint be doubted that the consequences fullowing in the wake of ignorance 
of saiiitatiou must have Itrrn quite as inevitabk then as tn these biter dajii 
when the bacteria of disease Jiavc been iiiik:cnxred and domesticated by 
modem man. 

3 - Puimed Grottoes 

About The time of thr rdndeet and wild horse occupation of wtmt fa 
now hranre an/l norUiem SpiiliiH, there flouruheij a rrmarkahle period of 
prehistoric art» ncpzescnlcd chiefly by‘ crude drawings and pamtfngs limned 
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upori thr protrctcd wails and ceilings of caverns. There have been cata¬ 
logued from such trogiDd>lic art galleries nearly ZWQ difTcrcnt pictures in 
outlinCt riinnnclunpie and fw>lyrhrame. In the Dordogne tirgion of FranecH^ 
one single cavern^ the "'Cambarcllcs^** is a veritabie preliLStt^rie LjLHivrr^ 
which caiitaiiis IDf) walJ pjctiires eoveririg an area of over 20()0 square feet, 
The pictures are mostly oudines of animals^ such as bison, reintlecr, 
maniinoths, wild horses^ woolly rtunoceroftcs^ and others^ that were contem* 
porary in r.uropc with the caix-awdiing, Uiiit-mirig folt who drew them. 
UsuaRy they art well enough done lo be immisnikahlc. The most andeni 
of tJiern, apparendy die work, of ihr Aurignacian wild horse hunters^ are 
hare outlines fougiily engraved on the camjiti w alk by uteam of flint tools, 
and probably by the light of flickering torches* 

The licst of thrisc tsid animal pictures, as well as the majority of them, 
were e\idmdy made Uter by dir Cro-Magnon reindeer-hunting pmplci afid 
arc for ihc ruosi pari Hal surfaces diipped into the solid rock anti colored 
with various substances such as chalk, chaicual, ted and yellow orlue, and 
other mineral pigments. The iamoiis polychrome frcsctid of the Ahimim 
caverns in northwest Spain near Ssmtandcr, which w'oidd he a credit to 
artinU of a much later time^ mark the highest point of esccljeuce in glyp 
{k aru 

It k quite liktly that the painted grottoes were not decorated as an 
rapTT5a?l(>n of *‘HfX for art^s sakcT but as part of a magic ritual to aid the 
hunters in sucrc:^u1 punrnk (»f their prey* Smcc the grotto artists or tiecro- 

trmnccni drew what they saw^, a study of 
their pictures throws considerahlc Eight upon 
the state of affair? in their pan of the world 
some 15^000 tn ilOAliQO years ago- Asi a single 
example, the skyline of (he hairy mammoth 
is reptrsented WTih a depression in the neck 
region (.Fig. fil l which is absent from all 
mwlem probosddcanjL pmd is not rddent on 
the fossil marnmoth skeletons thnt have been 
asscinbtcd. Tlik means that the tiding mam¬ 
moth had a fat Imup, not to be in thr 
sktlcion, posterior to the notch of the nerk- 
The fat lump indiratesstorage of food which 
etiahlcd these great bcsiiits to li\T thmugh 
seaiottB tif scarckyp The outline of the hairy' mammoth as depicted by the 
Cro-Magnon artists in this w^ay informs- un that the painted grottoes wett. 
decorated when Franre had an aretk climate. 



Tig. B t. A prehotoHe tkeirU fccmi 
£1 pavetti in FrianE':^^ 

^(j4iwing a imby' TTLaeitrinih -with n 
kiump itorni f^it on lU ti^»rk^ 
thot it lived in nti araic 

clknatc. 


Mdn in the Mukmg 

7Tic approximate age of the pointed groitocs is ako determined in part 
hy the kind of bones and flini impJemenLs found in the rubbkh that fiJJcd 
the eaveiTOi, thus protecting iftc pictures throughout thousaruk of vears 
from exposure and destnictiDn. Cirtain other time nwb, such as paintini^ 
of different ages superimposed one abo^-n the other, teU the story of dilTamt 
hands that wrought them. All in all thcfse early attemptB at artistic expres¬ 
sion are direct rridences of the great antiquity of man^ for of all creatures 
only man could have left such sign^ of the Limes, 

i. Large Stone Monuments 

The an dent Egy ptians who built pyramitls^ sphlnKcs. and obeli^^ in ihr 
attempt to outwit the devastating tooth of time, were not thr first to leave 
soinc enduring memoml of themselves to succeeding generations- Prehi$toTy'. 
as well as written histcry^^ bear? witness to the Aamc human desire for 
Impressing posterity* This desire baa found expr^skui not only in ihe form 
of mounds or earthw^orks of unniLstakablc human workmanship, hut 
of large stones,, or megaliths^ arranged and set up in ^-arious unnatural ways. 



lug. uf ^(iJiKhcnee. 1 After QiiciuirJ].' 


Large cnltmuiar sTanea set up on end are called menhirs. Of these m-er 
7ri0 have been located in Brittany alone- Primitivr man must ha%'e rxerrised 
a gtjod deal of engLnecring nkilJ, probably by digging pits, building tempo 
miy inclined plan®^ anti ufliiig ptrUryi? of some son+ in order to iockey these 
huge siones into posiljon- llicir si^c and shape preclude the p^ihiliiy of 
their placemenl hy any nattiml agency. 

Frequently menhirs were sei up in pamilc! row^, termed alignmenss, or 
in circular arrangement, designatol as cr&ttderks. A Hat stone ftsrting upon 
two uprights h called a but when scxeral uprights suppnri a hip 

Stour, like a rude tabic m altar, the j^tructiiTc is called a didmen^ Nearly 
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Biology of the VeTtebrnteit 

5000 dolmens have been found in France, while at Sumchrngc and Avr- 
biuy iFiff. 82) in England ilienc arc two ver) famous and mudi dnsoribed 
cullecdoits of megalillu, airanged lu alignments, CTomlechs, doluiuia, and 
single inenhira. The collection of megaliths at ,-Vvcbur)' is more exten^ve 
than that at SlnnehengCi lint it is not as well preserved because many of the 
stones ■were removed let build the modem village of Avxbury by people not 
interested in antiquities. 

One tmmleeb J2(K) feet iii diameter, and made up of UX) separate 
stones eath sevetiteen to twoily feet high, forms a part of the Avebury 
collection. 

Some of the most curious and mysierious e^'idenct? of ancient human 
activities are the stone images of Easter Island On lliis Isolated island in the 
south I’acific, 20U0 miles west of South America, there are over bfX) stone 
statues, hewn out of volcanic tufa juid weighing up to thirty tons each- They 
are alt patterned alike, regardless of siac. and reprcscnl a halldcngth human 
figure witli hantk placed acnjss the Ircint ill ihe body- Most of the statuoi 
when diitcoVTrcd were found ovcnbrewii and the present scanty inhnhiLants 
of Easter LsLuid have no tradiilotiS coiieeming how the statues came tu be 
there, llicir origm is one cf the most puzzling of urchatmkigical migruas. 

In addition to luegaltthic witnesses ol the distant pasi there are motindit 
inmvU, and narthmoTh of varinuE sorts, that idl the same story of the 
antiquity of mail. Some nl these stmctuies were no doubt connected with 
aitciciii burial cii.stoTn.s or religintis ccrcmonlrs, w'hile oihei^ were probably 
once places of refuge, or fortresses, the ruing of which remain to retiund us 
uf ttiL' gray days during which our distant anctators kept alive on the earth 
I he precious .spark of liumanity. 

5. I'oob and Weapons 

-Man, of an animak, b the only one fined to grasp lixils and weapons. 
The tcHrih and weapons of other ammaJs, £uch as horns, teeth, tails, claws, 
and hoofs, air a part of the permanent equipment of their posaessois, huill 
into the IkkIv, and may br improved or substuuted for other tools onlv in 
tlic slow age*loiig workshop of adaptive evolution. After all ft is the brain 
that makes the grasping of (onU or weapons effective. Apes pound a stone 
with a nut, but man discowjed that he gm hater results if he pounded the 
nut with a stone. 

.Some of the eariicsi toob and implements fashioned by man fumish 
duecl evidence of human luitiquity that antedates his oldest fossil nctnaiiis. 
This kind of evidence is far more accurate and reliable than airy hbtoriral 
ehreniclc whatsocvier that has been colored by human ludcment on the 


Aiifn m thu 

part nf the historian. Sir \V, R W'Adc has emphasized this poipt by saying. 
*'jMcn are liars, sttain^ are not,"" 

Tht! matei'ials employed \n outfitting the grasping hand of man have 
been principally flint* which is composed of the finely crysinUbcd remains 
ol sincioiis sponges and Dtlier nriiiriiic organisms, dissolver] and redcpi^tcd 
in the ftjtiti of irregiibr lumps. Quartzp snid itb^^idlun at “valcaniu 
which like flint f rat turns in flakes from cores by pressure or by pTrCiis-sion, 
were also employed^ as wdJ as horn, bmic, shcIK ivory, wood, nml laier 
cjjij metals, C>f (ihesc varians matmals wood is ilic least cndiinng anti so 
rtirnisliesi ven' little e^'idenre loday of the uses to which in all prababililV 
it was formerly put by prehistork man. 

Of the metab, copper occurs in comparatU^ly free fonn in nature and 
waH the first metal utilized by maji. Malleable bronze, which is an allov i>f 
copper and fhi, was discovered or invented long before irtm, **the grral 
kvfT of ctvdkaiiQfi^” w as sLiCcessfuUy smelled from the orCy beginning prob- 
afjly about 13tX) b.c., on the shores of the Black bea. 

Artliacologuns speak of succesive stages *A human culture bjLsed upon 
the materials employed in the manufacture of toob and wcaporw. They an: 
the Stone Ai^e, Age^ Cafiprr Age. and Iron Ag^. To them miglii be 

added a fifth, tlie Steei in which we live today. 

lluae ages arc nol nnifnrm in origin or diiration in different parts of 
the world. Egy^pt. for example, had already reached a high poini in the 
Bronze Age at the time wlien Fairopc still lingered in the Stone Age uT iitib 
turc (Fig. j while in -Nortli America and Australia the Slone Agr was in 
full swing when these coTintrieft were discovered by white men in recent hb- 
toricaJ times. Some raceit of man frill tiring today, that have been i&cjlattd 
fmm contact with other races, such eyt the Hottentots of Airic-a, Veddolw of 
Ceylon. Botacudo^ of Brazil Andaman Islondera, Fuegans^ and Eskimos, 
arc ftiU in a very primitive ^tage of tfxil culture. 

The .Slotic Age* befofe imn w^as applied tr^ thr follies of war or ihc wits 
of peace, offers a most fascinating field for siudy^ ^Ince it fumisht^ thr 
carfiesrt direct evidence of human activity upon the earth. It b a field tJwt 
hiH attracted many scholars, ^\5 late 1938 there opened in the Ohio 
State Afuscum at Ckilumbiis, a "Lithic Laboratory"" in which to apccialLzc: 
tn tv'psi of ^erne tntkb, diowiug the matcriab u$cd, and the techrucs 
rtupfoyed in making them- 

The stone mstrunimts of primitive man were fitted to a varietv' of ujscs. 
Tlic\‘ include amiw^-pcintj5, ]ance-head!i, Icniv^, axes, hammers, saws, chop- 
pen, heircTs, etchet^, scrapeis. pimehe^, pfjfbhrra, spark-pmJuters, and orna¬ 
ments. Tlieir evolution tells the sron' of human pmfrrrwv throurii many cen- 
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tunes of tJm&. The interpretation and signiBcaucc of thtjs ^ory grrt hit initial 
start ^\hrii Bfjueher tie Frit lues in IflSB discovered the first known 
autiientic Rinl hatchet in a sand bed near Abbeville, Fnincc* topether with 
rhinocertA and mammoth bones. Since then in the last eentury a verj' grt-at 
number of flini tools and implcanents of different degrees of perfcclkui in 
warkmnnship hasx been foitud and rarcfully siijdicd* France ha® been 
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Affnt in the Ataking 

piuticulaHy fortunate, not only in imcartliijjg these records of early man, 

but also in having disanguished sclmiare who have coUccted and deseribed 
thfm» 

According to prcscicntific mlcrpreu- 
tionfi the relics of the Stone chiefly 
flints, were destiribed vsmDusly under the 
ti3ine of "‘fairy darts^' and *"ditttidcr- 
bolts,'* and their atigin assigned lo the 
Druids, Roituuis, or ifjc Devil, a con¬ 
venient trinity which has been made 
rcspon^fiblc for other strange tilings 
wdl. 

^VhercvcT fashioned flints have been 
fotitid, even in such diverse regions as ihe 
Nile Valley^ Algeria, Europe, England, 

SortiafiLmd, and Atncnca, they oshibil 
the same imKTJsaJ sequerace of patterns, 
and a parallel suceessifjn of eTOlutioiuiry 
difTrnences or degrees uf refiiiemcnt. ft h 
I hits poc^ble to subdivide the Stone Age 
into four unequal successive divisioiis of 
workmanahip, repreariitirtg stages of hu¬ 
man culture, namely, edotijic, palaed- 
MTitic, MEiSOLtniic* and MEor-tTmo* See 
Figure 84. Eipcits luive further aminged 
the successive cuhuite of tlic Stone Age 
into subdtListonT^ the nsuiKS of which for 
the most part are deriv^ed from locallika 
in Franco Jiear which tlie typical char- 
aetcri^c fimts were first diseox'ercdii 

Reading tJownwaril from the most aJicient to the most recoil, they arc as 
follows: 

Eoiitkic Perwd 

IL P^l^r^ittilAic Period 

A- I^^vcr Palaeolithic 

L Abbevillian [Chclltan) 

3. Aciicuiian 
3. Motistoian 



N«|frh 


Figj Flum, Tcptts/mtln^ three 
pmodi of the Stone Age, {Dra^ni 
frrirn iprelmicnt m U^c colleeikan ai 
Bmwji Ujih'tiaiiy.J 
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B. Upper PaltteoHthic 

1. Auri^ucian 

2. SolutrcBn 

3. MugKlcjenian 

tU, Meiolithtc Ffriod 

1, AxUiaa. 

2. TardrnotsUn 

IV. Neolithie Ptriod 

Stone unplcmcJits of tilt oJdesi type, repirscdtiiijff the colithic cultuit, are 
Irnns epliihi ^4}. They mark the "great extent of Ume that has 

elapsed between the picking up ol the fim aonea with an intdligent pur¬ 
pose. and ihe acqniioncm of sufhcieiii knowledge to shape them into the 
crudest fomi of palacoliihs’' (Wadcr), Eoliths, nowhere uhuudaTiti arc 
always more or kjss prohlcmaiicaJ objects, since they arc not undeniable 
artifacts in the sense of purposeful manufacture, but arc merely pieces of 
stone of convenient size and shape to tit the lumtl and lend pe^suaai^'e 
weight to tile fist. They are distingiiaihable t>y ihotviitg the effects iff uif- 
The uncertainty connected with them depends upon whether they were 
bruised and lasJuofied by man or nature. Professor G. F. Scott-Elliot says 
of them, "Surely if theie is little to prove tliat colitlia were made by itian, 
there is even less to convince us that they were formed in any other way.” 

The flints of the Palaeafithk PciioiE as contrasted with eoliths that were 
perhaps accidentally scarred, arc unmiatakahly the roidt of human manip' 
ulation. They are all definitely chipped and fashioned (Fig. B4), cxbihititig 
an tvolulkm of workmanship from crude lower palaeolithic forms, hnper- 
fectly worked, to cxqukiidy fashioned tools and weapons of later Umc in 
the "golden age” of the grotto painters. 

The AbbetnUiftn flints are alm ost esdusively the cores of nodultat 
rather than flakes or ftagratnts that have beett cldpped off. These nints arc 
mostly oval hand-aJies (“coup-dc-poiog*' of the French), coarsely chipped, 
The idea of fastening the ax to any sort of a handle vvas yet to come- 

C'diantctcristii: diAetdraw tools were hand-a.xts more carefully sharpened 
and with straighter cutting edges than thnac of the Abbevillian, la both of 
these cultures beattiw are occasionally found, indicating the use of fire by 
these early Pabeolithk men. 

The flints of the Moasterian, chipped on one ade only, were of con- 
»Vr5-y«if7 better workmanship than anything that had gone before, for 



in the Shtkiug 

example, flakes frcini stonr nodiiles wene used as scrapos, kriKiis, and with 
notched edges as saws, while the coies of the nodules were made into 
crude fist^axes, 

Tlic three subdi^ions jusT eiuimcrated make tip the Patii^alithk 

Grotipf jtA conlrasicd with the three tollowing subdrvbiong, or Upper 
Pidae<^liihk Group, which brought in a "'new til of tools/' sliowjug the 
highest develciptnmt of flint w^orL 

The Aurigtiaeifinj, prccedii^g the Cro-Mugnons, lasted some 7000 to 
8000 years in Eurepe^ and added, bone and ivory harpoons tra their equip¬ 
ment. Among other Lhiugs I hey iilso invented needles^ or s! coder splint eni of 
bone with a hole in one end bo that thongs of sinew cotild be threaded 
through and skim sewed togetiier by means gf them. One of the gteatist of 
human inviiiktioiis w the needle. animat^ ev^en an ape w^iih busy txpluriiig 
hngers, cvxr conceived such an idea, much less put it into clfrcL 

Tlie mnst ticauilfully chipped of ail Ulnis an: the thin '‘lamrUeaf' 
l.ince-heads of the Solutr^n culture- From this time on the an of faslLionirig 
flints declinetU 

The Magdeicfdan subdivision b characterised mote by the use of bone, 
horn, and istiry, suid by polychrome paintings in cavi'_nis. 

The .dzi/iun and Tatdenoijian subtilv^isiomi of the tiamidpnal l^lcsolithic 
Period^ w'hkh foDmveii the Vstrt glaciation^ wilnesscd a further declhic uT the 
art uf Working flinty id though it is apparent that hundtes^ were employed 
for a:\-heads and arrow- or spcar-puiriLq were bound by thongs to vvooden 
fihalts at ihut period. Tlicsc iwo Jatier subdivkinti^ arc distingtiklted from 
eai'h other hy the fact dial the Tardenoisian siibdiviskiii was characcerized 
by ihc oecurreiicc of pebbles of unknown use, not present in tJje 

Azillan culture. 

I hr t:omparatively short JVeoHikic Period is dLstingnished fram the 
Palaeolithic subdivisions not only iTcCaiUict neolithic tools and wcapom weir 
fashioned into a larger variety of defuiite shapes for obvious uses, but 
for the rcaATitt thaf they were polished smooth '.Fig* 8^). AP evidence thus 
far trained shows thai flints were chipped for thouEunds of years befoor man 
learned to polls]! them. The most important feature* of this period sax, 
howevT-T^ the bcgiEming of the manufactuTc of potterv' and the development 
of agriculture and domestication of animak. 

Many fliiii iminiments, partiailariy those of the ncoHihii: type, con¬ 
tinued lo be manufattured aud used long after metak were emplayed in the 
Bronze and Iron Ages, just as modem means of locotnotion^ such as ox-carts, 
horses, bic:>T:l«, atitomobni*:i, and arrplRncjL while tending to supersede what 
hsts gntie befnre, still perrist Imig after they have losit thdr dominance, 
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humjVN fossils 

The actiul bones of prehistoric man furnish the best direct r^-idence of 
human anuquity, but unfan unately they are very scarce. This ts due in 
part to the arboreal life of human anccstoia virhusc dead bodies, left wit In ml 
buj'iid, were liable to be devoured on die spot or subjected to immediate 
decay and disLntegration. 

Moreover, a lftrt:e part of the earth, indudijig many localities wherr 
human temains mi||tht have been overwhelmed and fossilized, has not as yet 
been dioroughly explored by cymprtent scientists. Evidence of human 
anlhitiity from fossils has been acquired only rvithin the last century. M 
late as 1852 the eminent I'cench paLteontologK Cuvier, gave the famous 
opinion, bacited by his extensive knowledge of what was known in bis day, 
“L'lionimc fruetil e ti'rxiiitc pas." All the supposed discoveries of prehistoric 
human remains up to that time were shown to be uf comparatively recent 
origin or not human at all. One often cited cast is that of Schcuchzcr, 
who found and described In 1732 what he called a fossil man, to which he 
gave ilic name iiomct diilavn feilOj or “man, witiies of the flotiti,”' with the 
pintis comment, "Rare rclk of die accursed race of the primitive worid. 
Melancholy fdiiner preserved tu convert the hearts of inodeni reprobates!” 
This fivmous specimen, which now reposes in a tnuseum in flaarlem, turned 
out, however, to be not a human skeleton at all but the hones of a guuit 
salamander. 

1. Java “Ape-Man” 

Pleistotrnc deposits have yidded not only tools and weapons but many 
human foesils, the nidest of which bear rescmhlancea to the early Plristocenc 
and Pliocene apes. Klaalsch. who speaks from a profound knowledge of 
comparative anatomy, describes ape? as "unsucccsslul attempts to compass 
the road to mankind from prehuman rtocL” 

The German zoologist Tlacckcl was so confident that s]iecies intertnt* 
dlale bclwcrfi apes and man oJicc lived that in 1866, before many dis¬ 
coveries of human fos.rils had been made, he atdffued the tentative name 
of PUhecanthofm (ape-manj to the unknown, and prophesied its future 
ducovery. 

In !B91, however, Dubois, then an ofllcrr in the Dutch nneny stationed 
in Java, found fossil rp main s after extended seareJj on one of the banks of 
the Sob River near Trinil, thus fulfilling HaeckeFs prophecy, Thtse remains 
were 3 aJciiIlcap, or cglvanam, and a molar tooth, to which were added 
from the same locality later a left thigh lionc and two other teeth, together 


in the 

^^l\b a frat^incnt of a tower jaw. These fragments of ihc “ape-man” were 
itxa\'cred same twenty yards apart^ making the Jikdihood of intnisivt bnTial 
improbafalc and raslinfe doubt on the probability that the isev^eral bones did 
come from one rndividoaL 

Companion bonns of various ani¬ 
mals were unearthed tb~i filled 400 
peeking cases. This matcinaJ ^vas 
brought back Holland aird sub¬ 
jected to painstaking study. The spe¬ 
cimens induderl boues of the extinct 
proboscidian^ Steriodont the imgn- 
lales Lept&has and iJippi^poismusi 
and tlic giant pimgoiUi, species no 
longer mhabitnnts of tlmt pari of the 
world, as well as tapirs now found 
only in South America on tlie other 
side of the globe. Aliogerher 24 
specie of ridMocetle animnU under 
45 feet of undisturbed stratified de¬ 
posits have been identified among 
these remains, fixing the time w'heii 
PithffcanthtQpus lived as appmxi- 
mately 500,000 years ago {Fig. 85) * 

Despite attempts of uthern to oh* 
tain additjuna] speriniens of the Java '*‘ape man/* none wa$ found until 
vuii KoenigBw^ald, bciweai 1:936 and 1939^ unearthed portions of tliree 

skulb and a tower jaw, ato in the Solti River 
Vfdlr>^ but near S^igiraitj above TriniJ. From the 
tumbined evidence of all available material it 
lias been deternimcd that FtihrmnihropUf had 
a somew'hat apelike brain case with low forehcrad 
and heavy !fiupraorbital rirfgcs but with a capacity 
of slightly more tliao 9{K) ^mbic centimeters (Fig. 
86 ) > The brain wnuld thenelorc be inicrmediate 
in fii 2 C between that of the great ap«^, which 
ordinarily do not exceed 600 cubic cciidmiHers, 
and mndcTTi man whose rranial capaciry varies 
between 1200 and J500. AJtlmugh no tiHiis have been ilisco\*rfed with iinv’ cd 
the skeletal mnaitiai^ prunidve stone Instruments have been founiJ in Java in 
(hr jame strata as those tn which the specimens uf ape man belon^d 



Ftgp 86 . A compiiriitiin of 
llic jkiitl CQpadun ot vaii- 
primales. (Af trr lir^utc.) 



Rfi. BSl DuiffnifrutmUc emw smiou 
tlimugh the rcissllJFrrmjs stmt^ hi Javd 
where the Piik^c^nihraput hfloei were 
fciuod. A, suffice snifi ^ imdijturbt^ smd- 
5tuiiet tit ^'M^tuuilc layer; n. ievd iif rhe 
Fifht!£an^hr^pm tniica and of vanoiu ex¬ 
tinct Tertiiuv' unintaliL (After Dubois} 
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of tite Vi^ebrates 

From all of the evidence now avjiilablc it is dear thai Pith£€^ihrQpus 
Wfis an erect-walking primate with ihc aliSUty lo use tCKils* and ^lith features 
of the skull and brain whicih arc more human than sknian. He may have 
been a stage, in tlic cvolutloti of man or of at leasl a purtion of the human 
race. Aa hr appareiiLly bad Euitiipeaii contemporaries It is quite pofsihlc 
that he rcprcseim hut one branch of a human stock which had originated 
earlier* 

2. Peking Man 

At Choukouticn, some tliirty milts southwest of Peiping^ Chinaj the 
investigation of a group of cavrs m^ealed middle Fleistocene deposits which 
included a number of skeletal reniamH of vTuious animahe Dr. Davidson 
Black, of Peking Unbn Medical College^ Ijecnmiug interc^cd in tvro teeth 
which wen: found, supervised further CKcavatinns wlikli uncovered a third 
toothy ^ lowxr molar, in 1927. tic was so certain that the new find came 
fmm a primitivT man that hr cstablii^hcd the new genus Sinanthropus for 
it. That he was jusdSed was shown hy the dlvcovcr)^^ in 1929, of an ahnoBt 
complete brain case embedded iu limesEjmc under 110 Icdt of cave Ueposils^ 
.Vfler Black^s death,. Dr* Franz ^Vekleiudch coudtmed the work and hy 
193B nearly 40 Sinanthropui Individuals vvere represented m the collection 
of teeth, jaw fmgmcntSs pc^rtions of skuII.H and a few^ parts of the appeudic-^ 
iilar Bkeletnn^ 

Sinanthropus resembled ritherantkropus in such features as a rec«ling 
cliin, large supraoi biLal ridges* and low foirhead, but had a somewhat larger 
cranial capacity^ the average of the capaddes mported being T07S c^thtc 
centuncter?. Several other detaib mdicatc that Java iruni was digbdy more 
primitive than Peking man wht^ may have been an intermediate stage 
between Jav-a man and Ncandcnhal man. 

With the skeletal remains there have been dlsCD^'cred pidacolilhic tools 
and hearths, good evidence ihai Peking man was a lire-uscr^ As all of the 
skulls had iht bases smashed in, it Is believed that he was a cannibal who 
ate the tiraiiLS and probably other parts of the body* even as Hama of rccimt 
years has been wmit to do. 

3. Heidelberg Man 

The ** Heidelberg man/*^ Homo hfiidelberg^nsii^ lived among animals 
that characterized the first interglacial period ol perhaps 450,000 years ago. 
He was thrrehirr an European crnitemporary of Psih^rmthropm. This race 
is leprraenied only by a lower jaw (Fig, 87)* found in 1907 buried in ^ 
gravel pit near the mouth of the Ncekar River vallev ^bont sis miles from 
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Hddtlberg, Germany. Over eighty feet ul imJwturfjed and sedimentary 
ixsck Had been deposited over this intcrating ancestor. For subsequent 
ceniuHrs the sJow emding ^tion uf the Neckar river tarved out the valley, 
before this famous hnnmn fragment was 
evaitually expci^'d to modem \'iew (Fig. 81 ! ]. 

'rte jaw is heavy', ma^sve, and chiuJess, 

It 15 apelike in ciiaracfcr but the teeth are 
tumparatively small and have the shoricnrd 
rtH:>ts and diiated crowns that diEdngubh 
human teeth. With our knowledge limited to 
these interesting features of the iower jaw it i* 
dillicuk lo tell what may i^ave been Heidel- 
brig man^s portion with relation to other 
fossil men. 




Tig, KQ. Diagram of the pit where the fJeidtIbtrg jaw was dis¬ 
covered, a-fr, hyxr of "Newer I-ocsa"; h-d, *'01dcr Lacss"; e-d, Mauer 
uiidi; s, elay. The erms ItidicaUit tlie #pot imder iKvrtny'nme l«n of 
iindhtuihcd itnilji wfirn: the fpnil jAur Imtnd. (After Sehoctemaci, 
in Qs^Kifn^ Afm fAe Old Age^ Charles ScrllmcrV Sdrl) 


4. Pihdown Man 

Skull fragnicntSL, found by Charles Dawson in IS08 and 1911 near Pilt- 
down Common, Susex, Fnghmd, so interested Sir Arthur Smith-WptxJwaxd 
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tv>at be joined in the search for human foffiils in that area, in 1^12 these 
worltcifs discovered a larger piece ol a skull, and tn 1915, uhoui two miles 
from the fiist discoveries, part of a Second skull. '1 o this type of prijniii>^e 
Smith-Woodward gave the name EoantkTOpus dtiwsoni {“Dawson’s 
dawn-man”). Early Pleistocene animal skeletons Found in these same 
PUtdown gravel beds show that this man was jmobaWy a firat interglacial 
contemporary of Heidelberg and Pitkecantiirtiptii. 

The lower jaw' of Efiitnihfopus is almost completely apelike but the 
brain case is of a quite advanced type. ITie supranrhital ridgv are reduced, 
the forehead high, and the cranial capacity near 1350 cubic ccniimetets. 
Except for the fact that the bcjties are about twice as thick as those (>f 
modem man, in this respect resembling Pithecanthroputt the brain case b 
quite modern. 

Further evidence of primitive man in England was discovered by 
A. T. Marston in 1935 and I93fi at Swanscomtic in the lower Thames 
valley. In the stratum wkli Athciilian implements and middle Plfb- 
toccne fauna an occipital lionc and then a parietal bone were uncovered. 
Tlicy closely resemble corresponding parts of the Piltdowtt skulls and 
indicate a cranial capacity ol somewhat over 1300 cubic centimeters hut 
apparently belong to a later period, jimbalily the second interglacial. Sir 
Arthur Kciib. who has been cited as “perhaps the greatest authority on 
fossil man," hdievea these parts belonged to a bier member of the Piltdown 
group. 

5. Neandrrthal Man 

In 1856, nor far from die time tbn Darwiii'p (Jrigin of Spodes (1659] 
appeared, throwing brnh the sricntific and the theological worlds into 
intellectual convulaons, there came to light the original Noanderlhal rnan, 
the first primitiv e fossil man to be discnwred, 'Ihis is an incomplete humaii 
skeleton unearthed by workmen in a deinTus-filled cavern near Diiiseldorf, 
Germany, high up on the precipitous side of a raitnc about 60 feet above a 
stream and I Oil feel brlnw- the top of a cliff. Together with the skeleton 
were found, embedded in hard loam, the bones of antm^ Itjng extinct, the 
eavr liear, woolly rhinoceros, mammoth, cave hvena, and other Arctic 
forms. .Man h known by the company he keeps, and these bones with auper- 
impoecd dciritus co%’ered over by undistiirhcd strata of sedimentary rock, 
put the .veal of unquestionable antiquity upon the Neanderthalcr, 

llie bones themselves, wbirh have undergone mmv expert semtiny than 
perhaps any other set of bones, indicate a burly, squat, t)ow-leggcd indi¬ 
vidual, with thick skull, projecting brows, low retreating forebrad, and 
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receding ebin, characters disiinctly unlike those of modem man. That this 
individual vvas not a unique prebiMuric hermit haR been unqucstkmably 
demonstrated by subsequent discoveries in various localities in Europe, as 
wed as in Palesiine, of about 70 individuals ixprescnted by bony fragraenta 
of one kind or another, all agreeing essentially with the original find. The 
existence of this spcdcs of human beings. Homo neand^htdennst whom 
the late G. Elliot Smith refers to as “wdrd caricatures of matikmd roaming 
far and wide to satisfy their appetites and avrrid cctinction,'' is now no more 
in doubt than the existence of ancient Egyptians, 

Accompanying Mousicrian implements and Arctic, or glacial-period, 
animals indicate that the hirandertlialcrs fioiiriEbcd between 150,000 and 
E 15,000 years ago during the difTicult last days of the great Pleistocene 
period. By the latter part of the fourth glaciation, 50,000 to 70,000 years 
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£igo, they h^d disappeared and the caves werr bemg occupied by men of our 
o wn species. 

6. CrQ»MagnoD Alan 

The (ix^h thus far considered are conceded to bt evidently human, 
aiihough of ijpecles different from our own. Homo sapiens. There h oon* 
siderable _"vidcncc Lhat the mm of modem types who ^lupeciscded the 
Ncanderthalci^ were probably not theh defendants but invaders from other 
itigiom, who had progrrased to the modera type whfle Ncandenhalers had 
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Fig. 9(1 Riylogcnetir tree *4 ihc iintlimpind primitive ai yf 
modem maa, tllmtnfed by dnLKings qf Kuih vutur of wliich njpe rtKon- 
stnicied. (Fram Hesner, copyriglii 1942, by permtasiDn 

of The Maemillim Campiiiiyi, publiibcii. Drawitu^ of the headi coi;yrtesv 
Arnrr. Mov Nat. 
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remained ad “psdaecinltilogifal hang-oversi, outmoded survivors of an earlier 
stage of human evolution," to use the wordE of Professor A. Hooton^ 

One of the finest races physically that ever existed, of which many fossils 
have been recowred, was the Cro-Mapwn race of reindeer hunters that 
lived lA.OfXt to SO,IKK) years ago near the close of the last ice agc< These 
nniYiads of frigid days tiol oiilv left some of their bones behind, that showed 
them to be tail finely built specimens of humanity with large capacious 
skulls, but they also left mural pictures of conterapotary i mimab which they 
painted on the walls rjf their caverns. The bones of wild horses, wild boars, 
and rejndetr, abundant all over that part of Europe where most of the 
fossil remains of man have been foiiiidt are clotjuenl witnesses of an aticieret 
regime when man lived in a diRcrem world than that of today. In southern 
France alune there were eighteen specks of targe animals which were 
foimcriy common that have now migrated to mciTC congenia' climt^ Of 
fhw . rhirtcen. like the reindeer, hav'e ganc north, and five, like the 
■ hamnk and mountain goat, have retreated to cool mountain top. 

Figures 89 and 90 are attempts to indicate the probahlc rclationalup 
of the better known primates. 

VIL TIME SC^VLES 

There b no doubt that, to our myofac vision at least, conterapomiy 
events of our rndividoni lifetimes arc the most mtcr&tlug part of all human 
history, but a ^gle lifetime of even ‘*thrce scoro years and ten*’ is only one 


TABLE III. Time Sole 

(Ba-icd cm tlw unit in which a human lifetime of **liiree score years and ten 

is equal to one mitmte.) 



A/i'Rvr« 
ago ' 

asra 

Bays 

F^otj d 

A lifptTiT^i* _ _« ., 1.j« « « +. A. 

1 

6.5 

27.8 

100 

430 

1000 

715(1 

7 

tfi^ 

U9 

5 

7 ft 
456 
1946 
7000 
30,000 
70,000 

500,000 

Cciliiiiibus diaccTvrred AuMTica .. 4.! 
Christian En began a« - 

Wi*itten ItiitoirV bcffan 

Cro-Mugnon race lived ... - 

Neanderlbal race lived.. 

Pilttlown race and Pithccmthnunis 
lived .. 

Ccnt3[7i>lc Era began . ... ^ ^ ^* 
M«Qjx!ic Era began + 

PaLjeozoic Era bif ^ * * + *. ^ i 


15,476 
47.6} 9 
I30J952 

6+5 

1984 

5456 

65.000,000 

200,000,000 

5.50,000.000 
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firit-hmidttMlth of llie ^pproidimEt time tnvolvetl in written history* Hlv' 
toriciii events timt seem verj^ ancient in contrast to the times in whlc±i wc 
now live* appear quite recent against the hat kgronnd of the ''CijlLurai 
Agtrs” of the archacolngisti while in turn the ciiitural ages crowd magically 
fonvard into what seems like Uie immediate present wlicii their petition in 
geologic time is considered. It is a good thing occasionally to ignore the 
llectlng news events of the day and toi stretch one^s sense of lime hy probing 
into the abysmal past. Man is the only animal who has the capaLiiy to look 
iroth ways and to be aware of the piist and future* 

Table 111 is an attempt to visualize tlie reachra of past time. 

MIL CONCLUSIONS 

The continuing wonder of mankind Is man. Hia achievements are like 
a rapidly widening wedge^ awakening “utidirmnbhed interest in man 

born into the world” { Huxley,^. The lasciniiting tlieme of tlic anthropologist 
and the archaeologist, however, Ls pardctilarly liable to fall a pitry if» 
prernature generalkations^ Neverthdc^a certain conclusions from ^‘spade 
history^*’ asi contrasted wdth written or legend ary history* may Im; stated with 
Lon&iderablc confidence. 

. ! ) Tlirre arc many corj'^'tTgTng lines of evidence which point unmistakably 
tn die great antiquity of man when measured by any historical time 
scale. 

(2) Man appeared In Europe at a remote time vvhen cJimalic conthtions 
were diffeieiiL horn those at present, and when he wa$ the contem¬ 
porary of many kinds of arkimals now extinct. 

(3) In Arncdca the evidences of human antiquity', as vet dIsHs:overed, by 
no mearK go hack as far as iu Eurtipe and Asia, although the recently 
discovered flint culture of New Mexico, typified by unique fluted 
so-called '*FoUom points,^^ two of which were diprovered embedded tn 
the hackbone of an ancestial bison Iti I'exos, indicate the presfence ol 
man in America a;5 far back as ISjCKX) to 25^000 years ago when hisons 
roamed the wcsterri ploms. 

{4) The direct descemt nl //nmtf Mpteni is not tltmugh any species nf living 
primates, hut is (o lx traced back to arboreal ancesiors of very remote 
common ancesirj'* 

(5 ) Miiti is A pan of the general evnlutiuniiry flchetne that includes all life. 
A& Dr. ^V. \\\ Kern once said tn pointing nut the reasonableness of 
this ccxTiclusiOJi, " lire law* of itiallteirtadeii do not hold np to ] ,CKK}f00[) 
and then give way to something eke.** 


CHAPTER VI 


T}u Units of Stnicture-Cytology 


I. THE CELL THEORY 

It is quite csscatia! in cnnstnictin? any huiisc of tnnv?lrdge to know the 
units out of wliich the imclleciiiai edifice Is built. Thus, the chembt must 
ImiiW the elements frcim wltich his compounds arc made, the writer must 
be acquainted with the alphabet, the mathematician, with numerals, while 
the biologist must know the units that combine to form the diversitica of 
living bodies. 

The strucrtural imits with which the biologist deals are termed ctih, and 
the science of cells is called Cytology. 

Robert Hooke En»t suggested the word “cell" in 1665, when he de¬ 
scribed “little boxes or relk distitignlshed From one another” that lie saw 
in thip slices of cork. The word !a not a fortunate choice, however, suggest¬ 
ing ns it iloca prison walls, for although “walL'i do not a prison make’ 
ruiither do they adequately describe the bioJogical unit. Ne%’crthclrsa die 
term has come to stay and its use is now extended to indicate units of bin- 
logical stniclure, regardlras of whethtr the vuiMs of a edl ate In evidence or 
not. 

The conception that all living creatupcs are made up of organic units, 
or cells, dates from 1830—1839, when Schlcidrn and Schwann, botanist and 
zoologist respectively, published important InveiitigatiimE on die subject. 
The essential ccmcltiEions of the "cdl ihcory” propounded by them, as now 
modified, art: 

[ I) Every living thin g is composed of ottganic units (cellsor products of 
their activity J 

(2) Every living dutig begin.s life as a single cell; 

(3) Every' cdl is derived by a process of division from some preceding eclL 

Ih A n'PICAL CELL 

A generalized diagram of a ccB Is represented m Eigure 91, Within the 
cell LB the ttue/ruti surrounded by a nuritfar menthrflae, Outvide of the nu- 

[itQ 
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ckus is tlie cytasemt', or body tjf ihr cell, enclosed in a utembratie. 
Within the cytosoiite may be embcdtlrd pigment gran tiles, cliomiiiDajmci, 
crystals, oil*dropIcts, vacuoles, plastids. or other substances. Frequently 
there may also lie identified in die cytosorae a tiny body calkd the cfUtro- 
tomtj Iroin which delicate lines radiate in every diitctiorj. 



Fijg, SH. Dl^k^Tit cf 1 grrirmlize^ iltcue crJL (Fmm Hufitntrp Fujiifn- 
of Embiyt^io}^ of /Arf Cf/pyright IJJ'M* 

by pennisuaa of The MafcmUlim Company^ publJ&bers.] 

The nucleus h the hfrjitlqiiarteJT? tjf Jhc wliok o^gafs^z^d unii, giuce 
ctangrs which the cell undergoes are initiated therc^ It is made up of more 
ihan nnc Aul^tancr, n fact that Is revealed by applying fcrtaln stains which, 
thrrnjgb chemical union, afTcct parts but noi the whole of the nuckar.Mib- 
Mance equally. Tliat pan irida-t readily Gained by certain dyes is caUed 
rhfitmatin^ or "coltircti matcriuil," nfid duriog certain phases of cell life the 
ehrcoTuitin matcrisd together into visibly definite structures called 

W'hen ccILh cmwd together during the formation of they becotne 

suhjecied to muiud pfessurc, so that their typical spherical shape becomes 
nKidlhed. Any of the several parts nf a rrU may undergo extrcnic modifica¬ 
tion* hut mtra! of the fundamental features outlined above, whicii make a 
cell an organized unit of living substance, eharac:tcrize every celL 

IIL C^TOMORPHOSIS 

Cells are subject to the inevitable laws of chaDge common to living 
Lhmi::s generally. The succession of changes through which each individual 
cell passes during ii» lifninie is termed cylomar/rAurfr. 
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The Itnn iriay be extendeJ to incliidr the traitsfontiaiitios through 
wtuch successive generations of cells pass in the prutcas of differcntiatiEiti. 
ITius, in Lewis and Stiilir’s //iffofcgy the Mlowinp dcfmiiion is given: 
“Cyiomorphfjsis Ls a romparaEitT Uitii for the structural nKuiification which 
cells, or sutcc^ e generations of cells, iiiulerK(» from thdr origin in their 
final dlssolutiun. In the «mrsc of their irausTortnatUm, cells diritle repeat- 
edlv, but the new' cells begin devrlopnieiil wlicrc tUr parent cells left oJT, 

The initial phasse of cvtfiniofphosis is charactcriwd by a Licit of speciali¬ 
zation. This iv followed by u series «f progressive changes in width llic cell 
Viccomes finally fiitcd for tis life wctrlt, whatever it may lie. After a vaiying 
period of tisefulncss, sigrts of old age appear; cventiiiiUy the cell gnes the 
way of all flesh ami its dead remains are removed from the society of its 
fi'Uows. 

Some kintht of cells lihe red blof)E! corpuscles c»r epidennat et^lls live a 
Strenuous life, completing their entire cytomtirphosLs in a comparatively 
brief time, while others, lit* germ cells, may mnain dortuaiit for years tn 
an undifferentiated eriLbryonic condition before they finally move forward 
to fulfil their destiny. 

There is much similantv' between the life of a cell and of an itidiridual. 
Both begin with a primitive generalized stage; both pass throuirh expand¬ 
ing infancy and diflcrcntiating youth; both arrive at specialized maturity 
and use fulness; both wear out and die. In one particiilar, however, there is 
4 * striking difTerence, An rndfoiV/Uid reproduces it* tiucccssors only W'hen 
mature, that is, sifter it has became differentiated or spt^oalizlrd. A ^elS, on 
the other hand, reproduces its kind only w'hilc it Is still in the comparatively 
utiEliffetentiated embryonic phase of its life cylc, loang almost entirely the 
jxiwer to do this after it has attained spccializalion. The rtsult is that many 
tell units of the bf>dy, for cxarnple nerve cells, having once gone through 
tu tile extreme end ohascs cif their difTcfeiitialion, lose the power to replace 
thcmscK'cs with daughter cells. They have passed beyond (he emfajytinir 
stage of cytomorphosis when rcpliccmcnt Is possible, and after wearing cut 
arc unable to leave succcisonL 

W, CELL DITTERENTL-VTION 

The path nf specialization that a cell follows in cytomorphosis is de- 
pcrulcnt upon the work it has to perfomt in the cell caRimumty of which it 
b a part. 

A topical cmbrjnnlc cell, unctowdetl oy neighbors, temk to be spherical 
id form lint rarely has opporiutiky to lemaln so. Red Wood cells of the htwer 
vertebrates perhaps ooctie nearest to retaining the origina] form of embrv- 
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oiiic cdb. bcciuse Ihc wort they do of irdUng abo«i thmiigh thr blood chan¬ 
nels of the body is facilitated by their round shape. Lcucocyies, or white 
blood cells, frequently become Irregidar or amoeboid in funn and have the 
ability upon octasion to change their shap^ They .uc thus able to escape 
fi^ the bl<^ vessek by equeering tluougli between the cells of tlie cap¬ 
illary walla into smruunding tissues, where they noee their way bctwtm 

other cclb to remove dead ones or to devour invading bacterik in thdr 
mission cif ^nitaliotL 





1 mi ,-1, 1 1 ^ 1 JTmscJc ceBs, spccmlBS m coniractiou, assume 

^ lit, spemaWH.!, lilt 

i«irZdt,kZ^ ^ frnm <hc nnbiTraic fonn 

nil ital driva 111' *'?'*' ^‘"“’"5 "Idippeil with i powerful locomiitiir 
tan that dnies ihenj forward to their destiny. 
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Skeletal cdk, die strvice of which Is to fitmbh support or protection, 
dct'dop mi sntcrstidal ^tjb$tajicet while some secret lug cells exhau-^t them¬ 
selves at the expense of the cytoplasm in the pruduction of their secrcticms. 
Extreme modification In fomi h seen in netve cells where apecializadrm has 
gone so far that it k hopeless to expect such cel!$ ever to perform any other 
fijnctjoti than that to which they liiivc become comTnittei 

Tljeso examples of ililXereiitiatioti arc nnly a feW' of the many guises in 
wltich the bultdiog blocks of organic structure appear. 

Some type forms arc diagrammalically iadicaled in Hgun: 92, 

V, CHROMOSOMES 

the development of the compound microscope* the invention and 
udiiz^tmn of aniline dy^cs ant! unproved cyrotogical teclink generally, the 
prcw:jice of chromosomes within the cdl nuclei became known, and the far- 
rcaching importance of their peculiar structure imquestionalily estahli^Jicd. 

It has been found {I) thiU chromosomes are probably always must:!int 
in number and sliLipc in every cell of e\TJT indmdual of any particular spe¬ 
cies; f2) that they' behave in a predictable way throughout all the vicissi¬ 
tudes of cytomorphosis; (3) that eA''eTy cell not only comes from a preceding 
cell but every chromoKame in the nudriis comes from a preceding dutimo- 
iiome like itself; (1) that during the changra of cytomorphosas when chromo^ 
stuncs apparently break up into indefinite lowing theif characteristic 

appcanince, they later reappear in the tdentital size, shape, and sequence 
of units that they fonnerly had; (5) that this behavior is evidence that their 
individuality k maintaificd and that they* are not mnply chance ma:v^ of 
unorganized stuff; and f6) that the varioiu idsrermwcimes of any cell not 
only assume tharactemtic shapes and sizes, but that they occur in 
ftatrs, tw^ of £iX£k kind m svety cell excepting the sex duomasonie^ of munv 
species. 


^UTOSIS 

The usual behavior of a cell during the period of Increase w hen two cdJs 
fo^ out of one, b called mitojij. The astorsishing and intricate dnaiU of 
mjtosia arc generuTly unsuspected and quite JUnmge to the uninjriated, 
although the procc^ ia ijtcuniiig eotidiiuously in all liiing creatures, with 
countU^^ repirtitiomi* Upon its orderly performance depends everv step that 
to differentiate any animaj or plant, starting fmm the fertilized tgg 
and including all growth and organic repairs. The founders df the ce!! 



Biofog)' of the VcTtebfatex 

theory^ surely cmJil not Imvc Imagined the rxteiiL of tlic vistas which dicir 
preliminary genct^ilizatinns were de^iiincd Uj open up^ for miuisis is a for 
nicirc detailed and complicated performance than simply pindiing the origi¬ 
nal cell in Ewa, 

Thr essential thing in cell dlvisocm seerret to be the equipnicnt of each 
new- crU unit wldi a complete set of chromosomes In its nucleus, duplicating 
ill ntimbt*r* form^ and sLkc those of tfic parent lelL In the process of cell 
formation, w hirh ermsdets of a parent cell didding into two daughter ccli% 
die chTMrDOKntneK pUy the leading part. A \Try brief and general descrip- 
lirm of die phases of a typical niitosb, with a series of cKptatiaiory diagratm 
ffjllowK, but it should be kept in mind that the siages desc:rifaed as dttinel 
really merge into each other continuously* like a tncu-ing picture, and that 
the actual process nf mitmis fnmi start to fijush will have repeatedly taken 
place somewhere witliin (he iKidily frame of the reader many times oyrr 
duriJig the studious reading of this paragraph. 

Four general phases of mitosis are recognbed as auffirirntly distinct 1o 
mark wTll-defiiied changes from the “resting cell” These are known as 
the ftTophase, mettipknse, antiphase, and tekrffhase^ 

The jesting ceU {Fig. 93a ) is tdmaetcrized Iw The presence of a mjclcar 
membrane and a chromadn network within (he nucleus, as well as often- 
times also by a pair of cciitrri$omcs. In the heghining of the prophaSf (Fig- 
y3ji-n) delicate jffinitle /Sfcirrj appear between the cctitrogomes, and the 
chromatin Is in the form of a threadlike spireme^ As tlie pmphase progre^tes 
ihc lentrosomes move apart and (he chromatin thread gives rise to separate 
rhrniTiDsums each more nr less completely split into two. 

In the metaphisse f Fig. !93 e) the chromosomesi lie at the equator of (hr 
tell, being conticdcd by spIndLr fibcoi with thr ceutiwnmc^ each of which 
n<jw occupies a polar position. 

In thr anaphase (Fig.^ SSf] th™ splii ebrnmosomes, each containing 
a sample of evtry different kind nf sufotance that w^ip distributed along the 
length of the piirenl ihromosome, begin to separate from c^ach other and 
tii move tow ards die po!e$. 

During the iehphtise f Fig+ 93r+) the elongated cell bewly begins to pinch 
in two, wliilc the migraiJriii of the chromosomes towards the poles is com¬ 
pleted. 

f inally die diipTsion of the cdl IkkIv into two parts enddsed in ^parate 
cell membranes liecomes camplcTC. The spindle fibcis have dbappeared and 
a nuclear membrane has reformed around die chrairuttin network* ilmved 
from the thromcsomci* Tw'o resting cells take the place of the single one 
with which the quadrille of mitosk began f Fig- 93ii (. 
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tntLApU2S€i AiT»(ihni£; (rfdjiluisc; k, InltrpbaAt. (Prum Huoltncr, 
fuiidatnrBi^h of CcmpmTClruw Ktabryalo^y 6f JTA# Vrrttbffttft:, mpytdgfat 
1941^ by prriitijuciio Tbff Afuciriilkn Cqim|Myi publblicrt) 
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VTl. FERTILIZATION 

Mitijris makes clear hnw celb are dejived From preceding cdK It does 
not accouiiti however, lor tltr process tjf vmrbnitc repnxliiciioji involved 
in the formation of a new^ individual fmm two parents. 



F1(:, lo Ahow t^cml mmuiaitioii and IntnkatiDn, 


Sfxuat frproductions wrbirit i« ihc prevailing means of nummcal in- 
intflsc among tiigber an i r nals and pknta. involves ^imcihing rmirc ihan an 
unhrt^kcn of mitoses. The es^ilial feature of it is the catnbjita- 

tion of tin* chri»m<if«Jmal ixsonrccs of tw^o cells, egg and sperm, to form an 
independetit starting point for a new series of miuists. 
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The Units of Strucfwne 


If fan be defined as making twi> cdts oui of iliei). aexijal nr- 

pvTiduction may be described making one eeU^ ifiat ia^ a fertilized egg^ 
out of two celis {Fig. 94), 



d. Etkir^ *if -SHjttcrm 



CtutnawH* 



dr Apprinifh Sperm, 
^uddu* 




/„ Fihnnialinn <sf 
ChriH wtvn i rt 






L AnteMw 



Fi^ 95. Feitili^atloiL 

As has been showiii tnitonie is an ebborace process by mejiiis af Vtfbich 
the some number of ctimmosomcs is mamuinrii diroughoui all the ^ucces- 
nive geiiejnitjona of cells that make tip an individuab When ceHs front two 
anch incliviilLiale unite , some provisian mmt be made for tltc reduction in 
the number of tJsdr chromosomes, ebe the ccUs of the new sicrles of miiosn 
in the new indivtdtia] will have duttble the typical number of r.hrcnnosomcs 
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fur tlic spcdc«« ITik situatJon is met by a preparatory procffls of matuTatioiit 
or “maturing,” whereby the chromosomiil material in each cdl is cut in 
half . This process of the dispeeal of tiaU of the germ-cell chromownnes ts 
temu'd 

Mdfjris includes two mitotic divtslona, of a special type, following one 
another in rapid succcssian, Lei us take as an example a spedcs in which 
the general Uidy cells ctinUiiti four ehrtimtjsomea. During ordinary mitoses 
of these cells the number of thiomosomis is lernporarily increased to eight; 
but, with the distriburion of half to each daughter cell, the niimher imme- 
diaiely returns to four. In the same jpccie* the two mciottc divisions, whicli 
arc always accompiinied by only one period of cbmiriosoniE-splittiiig, also 
have only dghl chromosotiji^s to distribute. 'I'he two successive cell divisions 
during nielosis, however, result in the formatiun of four cells and, with the 
equality of distrilHJtion typical of ordinary ttiitoses, each of these fotir 
<uatiddaughtcr cells receives its share of the eight chiomosciTtlri;, tiuti is, two, 
the reduced number, 

'n»e union of the two germ celb, each equipped wilh the n:d.uced num¬ 
ber uf chnanusomes, results in the formatit.in of a fertilised with the 
full ttJmplcmctit of chmmOEomes, half of vihich were contributed by the 
mature egg and half by the «is;rrn (fig, Ha), In basic plan, therefore, there 
i» lor each cbromuitjmL' deiived from the mature a cnimparablu one 
from the llms the dtromosumca may be said to exist in pairs, each 

pair ctiiisisiing of one member ooiUributed by the uiale parent and one by 
the female. 


MIL *rHK DETERMINATIOX OF Sl=^ 

In man there ore 23 pairn of mated chFO(mosi:imes f autosamtf} in each 
cell of tj»c hfKly and in addition in J/ic m<tte a mismated pair of sex chromo- 
sottifS (rtf/nipmcj), somriimca Icnnwit a^ x and y, making a total of -Id 
all together (Fig. %)> In the fcmnie betJdcs the 23 ptiirsi of uutosmncs there 
is a pair of allosunies, both ol which arc of the x type, likewise making a 
total of 4R. 

As a result of this inequality, when the sfx cclb undergo meiusis anti re¬ 
duce to onc-hajr their cquipnirtil of chiomusomes, Uie mature eggs arc all 
alike (23 while the miiturv Epcmi cells are of rwo suits (23 -j- x) 

and (23 -f-y). ITie sex of the futun: inclividual is cons>cqumtly depewdent 
upon w-hi(.li kind of sperm unites with the egg, follows: 

e.fig sftetm Irttifized tgg 

(23 + -H (23 + x) — 146 + 2*1 « (female) 

(23 -I- . 23 + j) ^ - 46 i- A + t1 i - m^de) 


J39 


T/uf Lfitite of Structure 

There Ss one outatiioding exccptioti to ihc rule that all itidividuals of 
any particular species have tJie ssime iiuniher of chromosc^rno? in every one 
of their sttuctural units. Amcmg many spcctes there is fiiund to be one more 
diromoftomc in each ccU of ibc female than of the male, {ilthough cuiioudy 
in birds as wdl as in buUO-flies and moths (Lcpidopiera | tht: reverec is 








riK- 96 * ChmmrwTn^ of hiinuu mile. At iJir kh is ihfiwn On: tyfik-al 

a-frnugmtmt tlif 4 fl -cilfOUlitiSQniCS. OH cquilTrtriJtl pkte of A spcnualO* 

gimiiim. Thr. fTHsilli^ clinimtHiimca arc iiwr th^ center, Ai lie liglit ^ 
chmmiysmna fmin a somatic cell itre toricd Qut fimd amiOEi?d in pain. 
fAiirr Evjos and Swciv%) 

iTUCj, the Jnialc one chnamoiBOOie than ttc feimir. in each com¬ 

ponent ccU. This srxnal difference in chmnicjsaiiiid cmitit occurs bccausr 
tlic allosoincs, itisicad of being represented in one sex by a mismated pair^ 
arc prciicjit in that sex as an odd cbrnmosottie. In this case thej" nrc labelled 
^ ajid Of the o mdicntlog absence of an aUoeome- Determination of the ?cx 
cjf liie resulting individual^ however* comes out exactly as in the case of the 
misniatcd alluwmies* that b: 


f^ftUwd ^gg 


iprtm 


(antoukities + Jf) + (aut wimet -f- Jt) “ (double auTO^wnica -h 2 j) — 
(autosomes “h J() 4 ~ Sautosonna + <?) = (double auliTBfMnci+ 

Still other combinations of allcHomes have bern ohservcrl, hut altbungh 
the number of alloMitiifa^ and autosomes vaTifs m dilIcTx:ut species of ani¬ 
mals and plants, all casein agree in prinlucmg ekher &n< kind of m^tuie eggi, 
and ttio kinds, of mtaure $p^rm, or the mem. so dial the deteraiinaiimi of 
m in a new individual k refrrabk to a definite combinatiDn of the chrtmtK 
$omcs. making die chanti= fifty to fifty that cither sex rc&ults, which agfecs 
appfmdmately with observed fijidini^. 
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IX, A WORLD OF BILLIONS 

The toial number ol celluiar unite taking part in the stnictuTr of the 
human body is beyond aQ inuigitiaiion. Dr, Keen notes that the hnii of a 
man’s beaid grow* cine nullimeter in twenty-four hours. The constituent 
cetla in the make-up of a milJimcter of hair are, by count and computation, 
roughly 10,000, *o that amen or eiglit new cells per muiutc are formed for 
every hair, Miikiplying this number liy the total estimated hairs of the head, 
one arrives at figures that even a mathematician has difliculty ui oompre- 
bending. 

The cucampir given concern but one of the many kinds of organic umte 
which take port in the farmatitm and repair of the human frame. When it 
is remembered that each one til these cells arises from a preceding cell by 
the elaborate machinery of mtloets, the laaiest person may fed well assured 
that he has acctwnplishcd something ai the close of every day. 


CHAPTER VII 


Division of Labor in Tissnes-Hislology 


L TISSUES 

Herokigy'fc oi? fiie sdcncc that wiih induda Cytology whidi 

was toitsidcrctl in tlic preceding cliaptcr* The rtJb lormcrtl by futctaaive 
mitc^o fmni the fertilized r.gg differcntiztc intp iLi^nc^ thaf 

lute the Ikwly* A tbsuc U iwi«ii:ladiin id ftuiiiliir edb wliidt luivc undet - 
gnne special for snme pntticular purpfj^, iind iDtereelliilaf ttiiilenidi 

llic iimtjufit of whieh varici ^(rcady in diilcrcfit thsurs. Tims, bifit tisiHu: in- 
dttdejfc Ixmc rclli, that mt verj’ unit Jt alikc^ md it coo^enilile umouixt ui 
hard intcrcdlnlar materiiil, ^iiik cpiUitlial tissur » an ajiKiciatinii of cpi- 
ilidial tclk, iIliI rcacmijii: etseb athcr, hiil conUilti a miriLmiim timount of 
intrierJIular wdiaUDrc. 

Thc nittiilar cetb comtitutlng a tisane may he tinnnected with catb ^iilwr 
cither by delicate strands cf cytoplasm rhiit penctmte the cnrtrmng cell 
w :i1b^ or by an iiiiejt;c[]iiliir ground Rntetjncc of some stin cither isctretei! Iiy 
ihr rcHa tbettiarlvd in the form of csraggitraied cjdl wtdh^ nr fomicii out of 
Intruded bitemillal mattrial arbiiijg ortramtjinly^ like mortar f^wccTi 
brh b, 

Cr»n1iinatlcfenii dT ttiake organs in much tlie same way tJmJ dUIcr^ 

enf tirstilcs swr combined into gunnentJ^ and in ttim oeguns make sytfsms^ 
(IM a^ ditferent jf^annentB logtilier make cn^umrs* For cTiampk, the ^om- 
adi b mi tijrgan that k af^nbled out of mnsde dssur^ liWl tiiatie, H^and 
limue. nmc limits and ihc like, which lu^^rthrf with laher nrg^ti# like the 
wrth. iniestine, and pancncujt* forms the dii^eUivs sjstrm. 

For puriKi^m uf gcneriil dcBcriptiun tb&ucs may be LiassifWd as foHoix's-: 

T- Fluid tisRUCs 
IL SlatamAry tkiwi 
F Bpttlirlial 
2. Gonneciive 
5. Minck 
4, Nerve 
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IL FLUID TISSLT-S 

TTic fliiitl tissue.^ are hlonti anti l^inph, Tlieir CieDiilar cMnponcnts arc 
disconricc:leil and are, therefore, constantly rearranging litemstrH'cs viJlh ref- 
tTCncc to each ejthtr, unlike the cftla of other tissues which maintain a ctmt- 
pamtively stable spatial rrialionaltip with cadi otJier, 

Id the lower invcnchraics, such as the twiemcraies and flatwonns, the 
liody fluid has no cdhc Many invertebrates hsLve only amoeboid white blood 
cells, but the blood of vertebrates generally is characterized by the presence 
of both white .and red blood cells, and is consequently an ebborated fluid 
tisue. 

Fluid tissues permeate the spaces which separate other dsues, and even 
the interstices between the cells of these tissues. They also ocnipy larcer 
apat^ct, like the cavities of the joints, lor e.vaniple, and particularlv rirru- 
late through special rhanncls, called blood vesBcis and lymph spaces, that 
(Txtend to almost every part of the body. In a later chapter, further cotisid- 
cralion of llie blood will be given. 


[oQBBBaoaiS 


A B 



C D £ F 


Fig. Epithelial tluucA, Ay *inc-layercd sqmmiDui fflal] c:pUhelii*iiij 
out-bycnH'cl rni^K>li]al rpitbftJluiM. three cftlJi virHh ruiicle aiid three vilh 
tilla; Kj rolumnar cpithrliuiri; pfieudf^-JUTalificd eillTatcd rcjluirmar epi- 
th^lhim; %, ^tralified »piiiEiiutii epitlirlliim; r, itrnUfied cxiturnnnr 
theliumn 

lit EPITHELL\t TISSUES 

EpjihrIM (Fig^. 97) ^irc ibe most primitive of all tissued Th« 

rnme itirri rrtntact with other sitatiatiary th£4ie$ ^n£ tfft/y* siticc 

litey clothe the mntr surfaces of the body and line various cavities and 

iiidudiitg the '[ln^ pnwlucc 4:dla liiat receive 

stimuli ffoin ihe outside world anti thiJ^c tliat seemt and excrete different 
substances^ well rise to the hig^hlv important sex cells. 

Tliere ii usuidh a ttiiniiiiutti amoutU of inteicellular mairrial In epi- 
tbcliai tissues. The cells comp<siii;^ them may assume a rtft/rrf/. 

























Division of Ldsbor in T'isiTies ^43 

C3T fortn^ and may be arranged In a single layer {^mptc spz* 

thelium f or a suti-ession of layers {stratified efntlulium)^ 

Clandtd^ epithdial tissuits !iave a grc^i \TirieTy of funedons in the econ¬ 
omy of the organism, namely, digeUhe in the salivai>% gasiric, and pancre- 
adc glands I defensive in pi^ist^n gUnd$ of and slink glands of aknnks 

and Ollier camiYoirs^ proiecHi^ ia die muctJUs glands i»f fehe'i and ani^ 
phibians^ tbe Bhcll-producing gbnds of moIlnsksT ami Uie ink glands of 
squids; in rhe oil ebnds of the hair, and in mucous glands gen¬ 

erally; nutritive m the mammary- glands and in the albnuiinaus glands of 
birds; constriii^the in the ^ipinning glands of fspiders anil cocoon-forming 
insects; etejmsing in the lacrimal glands of the eyeball; and lent pet atufe^ 
regulating In the sweat glands of tiie mammalian skin. 

W’hai substances produced liy gland tells are uiitked fur the benefit of 
the nfgamsni as a whole, they are defined as r^cr^ffrig glanfI^, but if the *ub- 
statLcea producred are wa^le produetj^ tliat arc cast out of the body, tbev arc 
termed fxtTrimg glands. 

[f a gliind is supplied w'ith a duct whereby its products may reach the 
rmtsidi' or be poured kilo some internal cavity or pa?^^age-’^vay% u is trmicd 
an i^xocfine gland, but if no duel Ls present and the products oi glandular 
activity must be trEuisfrrrcd to the blcHid in csrcler to be distribiiicd, then it 
is know'n as an i^ffduirrmif gland, and the suhstance which it produces, as a 
hoTmone- 

T he morphology and behavior of these vantiu-S glands will receive mure 
attention bitir. It is Miffirimt here merely lu assign diem to theV proper 
place among the epIihclLil tisucs, 

IV. CON'NECrmT* AND SUrPORTlNG TISSUES 

Conneetire and inpfntrting tismei t>f urrUi^rntfs lie usually inside cif the 
imegiimcnt that clothes the body. l*hc comperneut cells uf Ihcne tisMies do 
nut form JayerF, as epitlielial tissues tend to do, hut are mass^cd tofictlicr 
with tiiura irrcgulurity, *ITicir inirrccllijlarsubstauc^^ usually much more 
in evidence, particularly in curtilage «jmd bone, 

U Connective Tissues 

Inciudcd amonff connective t^suts^ whose niissiori b Bllin^ space be- 
tweetii organs and parts of organs, are at Jeasi five different sorts that may 
in some fn.Hlanres merge in to each other, namely, (1) gelatiiioiis; J2j noiO" 
chordal: [3) rciicular; (4) adipose; and i5l fibrillar. 

Gelatinous tissue reach^ its most charafteriatlt expressiun In sponges. 
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^nd semi-transparent ptbgic ammaK &uch as medusae atid ctenophorcs^ 
in which the jclh -like bulk ttf die body is cam posed of accreted i ntcr-cellu- 
lar Jnaterial Lhtoughout whidi are scattered a few cells^ frcqncody joined 
together in a very open mesh wort by delicate cytoplasmic bridg^fe. This type 
of tissue do«i not commonly appear in the bodies of adult vertebrates^ al¬ 
though during embryonic development the so-called mesenchjine 
through a gdatinous tissue phasc^ 



Dorsal Aorta 


Nerve Cord 

Connective Tissue 

Ejtterna (PnmaTy ShenlliJ 
Fibrous (Secondoiy) Sheath 

Noiochofdol Cefb 
Notochordal Cells 


Rff* Kl* Cross sec lion ihrough the notochord Mid Ieh shcatlui^ from a 
yoimg doj^thh. 


In notackordaf nn the contrary, there bi a great rediicrtion of in- 

tercellukr material, 3 «j that the thin-walled cells lie rlcweiy pn^si;d together 
(Figs. 96 and 211)* Whalev'cr rigidity is attained b>^ this tissue h due lately 
to the fact that the ctlb arc so lightly packed withiu a tough sheath that 
a rertain turgur results like that whcti san^ge meat b crowded into a rafiiiig, 
R^iicutnr cc/nntfctive Sismes ( Fig. 99) ferrm the meshlike supports that 
characterize many of the softer organs, like the liver, spleen, and lymph 
nodes* which arc ordinarily tlmtight of as bdng without infernal fikdctal 
denro uf kJtuh 



Dtvisioii of Labor in Timies 
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AdipQtr tissue « Munewhat similar to the ordinary’ reticular tissue that 
forms tlie skeletal mairix of soft parts, for in this ti^ue groups of cells that 
iji Storage lie enmeshed in a loose reticiiliimi \Vhcn the fat 
celb are mcllcd out of » piece t»f fal pork b\ frying, for example, there is 
left behind a residual network which b the akelclai, or reticular, pun of the 


iidiposc tbsue. 



Fig, 99* Reticular cmi- 
twclivT tissue fri>rH d lytnpli 
gliiiit] of s. cat. to shfkW the 
sjppnrtivc skclrloa of i(V 
*oft or|j*ni, (After Kriime* 
SdtiaaM.) 



BUJC [n ihc 
ik cartilage 
«prmji car ci( nisni. 


(After Bohm, Davidoff 
jiud liutier.) 


Like other connective tissues* fibrltlar itsme (Fig, 100) consists of celb 
but it is distingmshed piindpiiUy by fibci^ that interlace among the celb- 
The&e fibei^ ibcmiiolves the product of cdlnbr actidtVi are of two sorts, 
white rmii-elasdc fibers, attd yellow* clastic fibers. The yeUaw' fibers are pe¬ 
culiar ito vertebrates. They txicur in sticJi parts of die body ^ the walls of 
the blood vxsselst •k-alves of the heart, the linitvg of the alveolae ol the luogs^ 
and in ititen’ertcbml Ugomcnis- Both yetlow' and white fibers may be 
densely compacted logetherj as in fuscui and shi^^ths of mtisclcs^ in peri- 
ihotidtium and perii^st^rfi, arontul caTtihigc and bone ttspectively, or they 
may be arranged tti the form of looser te\lnre^ such as is found in. the walls 
of blood V€ 5 scb and the dermal part of the tmDimalian skin where they ffifm 
die BLibatance that is nvaiiufactnred into leather* 

In the scUra of Uie eyeball and in tendms, between mtisde$ and bonea, 
the fibers are m<ialy white- Fibrillar tissue plays an indispensable part m 
holding things mgether and is probitbly the most widespread tisne In the 
vericbraTe btidy. 


2, Supporting Tissiid 

(a) Cartila|:e.—Cartilage, nr "gristle” b a neritlcra, Wiwdlcss. rela¬ 
tively flexible tissue that enters into the skelettjn of veiiebralcs. It* texture 


14 ^ Btr>/ogy of tite \'erfj'f)Tdf^S 

is not as firm and unjidding as bone, and consequently it is better adapted 
as scaffolding for wqtrr sitdi ^ fiffici, where the fiiirfoimiiiDg 

medium helps to support tlir body* thiiri for sueh use in land animals whofc 
weight k held up in ihin air, 

lliere may be distinguisiicd at least five kinds of cartilage^ namely, 
^I) precartikgc; (2j hyaline; fthmus^ [4) eUiiCicj and (5) calcified 
cartilage. 

Frecariilagf is a tempi^ran embrycmic type thaL precedes the fairnadmi 
til other kill its hut may someiimns endure in the adult organism, a? in ihe 
im rays of certain fbhos, k consists of cells {chQUdfoblastj] iliat have 
power to Ecoetc a tbickenrd cell wall, or an Intercellular matrix, at the 
expense of tlicir own cytoplasm* 



fig- iOL The (^ffeicT^tiniiaq al hyillnc cartilage^ carl] cat lUge at the 
lefc (After KlaxiTriciw and Bborn,} 


\V hen thk process eontluued until the diminlshinjEr cells have kobited 
thrmselvcs fmm their neighbors in a sicat of surrounding matrix, which k 
stimew^hiU firm and trruiduceni, the byalin^ stage ha^ been rrached (Fig^ 
IPJ I, Hyaline cartilage k found in the bendable aiid projecting pan of 
the human ar the end^ of the ribs joining the breastbone^ m the aliff 
incomplete rings that keep the tracheal and brondiLil tubes from cclbpsing, 
and in otiicr pairts of thr bodily stnjcturcH 

The matrix between the carrilagc cells may he interwoven w'lth fibers, 
cither while or yellow, as in fibrillar connective tk^ic, in which case either 
fibitjus or elaiktic cartilage is the resiili. J^ihronj cciTiitage is rypic^IIv repre¬ 
sen led by the padlike inicncrtebnil discs stpamtiDg the centra of the vertc- 
hnie in The biickbotic, while clostic faridagt ta found in twitch places as the 
epigiotils, and the pinna of the external ear which fortunately springs readily 
tiack into lU originat shape when distorted. 

Sometimes the intercellular matrix of hyaline cartilage becosnes infil- 
trated with Irmy salL% when it k designated os cartilage^ In aduft 

cartibginom Ikha^ much of the cartilage h of the ealdfied i>^ 




ofLubor iti TWmsi 


{h} Boiw.—Bcine is Uie best known of ihcskdciaJ tissues of vrcrtcbraies- 
As contrasted with cartilai^e it b supplied with nerves and blood vesseb* 
and is considerably more rijpd. It includes at least two kinds of cclU, 
niU^blam and osUodasts. Hie first of these arc hone-forming cells which 
produce the limy uitcrccllubr matrix that characlerizcs Imne. ‘I he osteo¬ 
blasts, on the other hand, arc hoTU-wrccking ceUs, that tear donn bone 
tissm; and make p=«lhlc the rearransement «f material necesflary to the 
accomplishroeni td gnwth among such unyklding building materials as 
tKjny plates, 

bone consists of two essential substances; (1), an organic biisc of 
living tells, and (2), in the excessively devdoped matrix surrounding thtsc 
rdls, m infiltriitecl mass ol inor|pinic limy salts- These two ciimiauients ai« 
so intimately joined that there ts no visual way of Fcpuratin!; them, yet each 
alone Is sulTicient to give characteristic cotitmu in a bone, fur when the 
irigaiiic part is burnt out by fire, or the inorganic coinpnnenl » ilLwlvirtl 
away by acid, the part remaining in each instance prcseni'cs the origioal 
form of die bone, 

In reJatlvc w eight the inorganic, or mineral, part of bone is about three 
fourths of the whole, although the ratio of iiiorganic to cirganic varies with 
age, ordinarily becoming greater the louger the bone lives. According to 
HeiiJi/ an analysis ol the mineral constitutnis of a buraam femur resulted 
as ftillows; 


9,n6 

05,62 

1.75 

3.57 



100.00 


The cmbryonically active osteoMasis are responsible for the formation 
of bone tksue. By their rapid multiplication living bone cells arc formed 
which in lum secrete the hard parts, nr fumeifw. As Ixme grows, however, 
it bccomra ncressary not only to add new tifflur but also to omiovr that 
which ha* already bam fonned- C^paring the lower jaw of an infant with 
that of an adult (Fig. 102), it is eridmt that no angle cell of the former 
rtructure can peisiat unchanged throughout the process of growth. The jaw 
i.f an infant is not simply adtled to a-s it becomes larger, but all the budding 
material composing it must be broken down bit hy bU and reassembled, and 
.Tupplrmenicd many times before the adult bone is fashioued. It is as if a 
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stone buildmg cnliirged noi aimply by adding in the o^ilside of ii ^ ii 
stancJsj bill by tearing it down and i^a^^canbling it with additional sion^ in 
order to enclose a larger area* 



Rg- IflZ DiiigrAm compare 
big the jaw of an.mLmi with 
tiiiit of m odulL {Alter 
Kdl liter.} 



Fig. 103 , The ccmditioa o-f {he 
jiiw in aid age, ^luiwaiig the araie 
pmjeclkm af the chin renihiirg 
frojii the ktsj ol tccili md the ab¬ 
sorption of the sockets for the 



Fig* lOi* To 
tt<Pihli^ old age 
the diJD and die 
tujse tend to hob¬ 
nob together. 
[After Camper.] 


This wrectlng of bone tiaijc alreaily fomifd to order to make way for 
rcarnwigenicnl auJ cnlargenienl h aceomplishrd by the lather large defi- 
nitdy identified cells called Gsttodoits, The deatmclive work of these cells 
is not always faIlowi;d by equally constraetive reorganization, however, for 
when Uic work of the osteodastt exceeds that of the osteoblasts, a bone 
decreauts In size, Tliijs, In toothless old age (Ftfi. 103), the lower jaw not 
only becomes smaller ihiotigh the 1<bs of teeth, but the bony sockets in 
which the teeth were set alsi decrease in size through the removal of tissue 
by rc^tcoclasts, with the result that the chin and ncSK tend to Iwbnob 
together (Fig. 104). 



Ha^nJan 
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^Vlien a thin slice of bone is taken fmen a cross section through ilie shaft 
of the femur, for imtaucc, aiid graujid down to trauBlucent ihinncs^ if 
exainmed under the raiscroscopc, k fe seen to be made up of inrnunerabie 
small bony platei, or iunielliu^ [Fi^. 105 ). Even to the naked eye there uj?e 
two kintb nl Iwjne^ nainelyi spfJngy and ciimpact. In spongy Inmf the 
Jamellac arc arrunged ha an open frame\vork leaving many spaces filled 
with bime marrow'. Compart bane appeals solid but acfually includes many 
minute spaceSp in which telb lie or througli widcli blood vc^k and nerves 
run. The lamellae arc arranged in at least three different wa>^, concentri¬ 
cally. intcrstitially^ and drcuuifctentiaily, 

Concmiri^ laTTt^llnrj^ somewhat like rings nf gttJWtlj aiunnii tile pkh of 
a woody stem, envelop Hnall tubclike branching passage-way's, the Hamr^ 
si^jn £iSit£ih^ which piTmrate the bone lengthwise, 
forming the conduits fcfr the passage ihrDUghrjut 
the bony ri™e of ciapiUartes, lympliaiics^ and 
nrTVf>. The Hn-V'erriaii canals, HirnJimiled by 
i:oiii:i:ntric: lamellar, arc best seen in the dciM 
tissue df the cyliiidrica] shafts of the long bones 
In I he appendages, where they ccimniunicutc 
hi]th wdth the periosteal covcruigs of the bone on 
tlijd outxide and, throuj^l the rntiti; bony tisKue^ 
with the maiTOw cavity irtiiLile. They roiistitutc 
ihr Kihways for organic traihe throughout the 
bfjne tissue, miikiiig tin* part of Ute skdetem a 
living adjustable structure. 

fnteT^itml are necessarily irregular 

since they fiil in spare* between ndghhoELDg 
Hiiversbn systrtu.^, 

Finally, draimf^rential lamdlae are arranged 
either aruiind the <mEAide tnargifi of the whole 
cross section of the bone shaft, jml bejirath 
the pcTioatcum, or as an InternaT layer grading 
over into she spongy iL^tic tliat borders the marrow ca^oty witltin the 
bone* 

The ILivcririan canal* are not the only spaces between tlit laTnclIfie that 
hdp to make llic lising b<nLc: piirutifl. Btitwecn the hard lamellae separating 
them frniTi each other are riny spatesp i-aHcJ Inj^uR^e, nr * ^little lakc^^p in 
uhich lie impfisoiied the lu'ing bcue ccJts 1 Fig* tOtiJ . Lacunal fpitcra conr- 
niuniciite with each othef Lhrniigh r^nitlhuh^ microscopic passageways 
ihrough thr walls of the hiny bmrllae. 



A dingiatn iJniw- 
ing A ir^giincM uJ banc lu- 
sue ut the cdi^c vf m Ha^^- 
sidn caeak Lbnii>^h which 
hinod vi™e!i aiiil nm'M 
prnr Irate thr ^iilMlauef 
the bortc, Ei^hl JjJCiiEiiiep 

ec^taLniit? 4 hone ctrik 
arc infliEjiEed and atw their 
raimciTtimi by cimjifrriEft. 
The lainrlii'ic Ate jvp- 
rrarjlltd ill bbcic 
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Biology of the VeTtehrateB 

Most hjml parts of the skeleton arc lajd tiown first aa ronncctivc tUsuc, 
foDowed by cartilage \vhii:li is later slo'vly replaced by bone. These ajt 
Trfiladng or carl Huge bones. A few parts, notably the flat Imrns of the sJiuU, 
are hud dmvn directly in connective tissue membranes wjtboni: a carui».£;e 
intermediary. T‘ci lJn:sc the name ianefUng or m^mJiranr bones b applied. 
In either ease the hard parts arc produced l>y coitneelive tbsuc cells which 



CafHld^ Celli in 
^Successive Stog« 
/ erf Degenbfcrfiotn 
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Fig. 1ft Rccamtrtirii-m^ n| mift Hcgfinifiig m the iif>p of 

\ht ritEiifC, ihc cttrcJijgr felli m itagM i.if iJrgcnmilkiiL 

IFtotti ]}Eihi§i:frt] Mnd Kcunrr. 
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acquire the ability to pfodticc cartilage or bone- Alt hough at first all of the 
Iv^fiy tiiauc is of the spongy ij-pr, n thick regiotr 011 each Eurface is latrr Cjon- 
verted into compact leaving Inside a filler of Ffmngy tissue In which 

the spacer are oecupied by bone marrow^ Tlir ronnective tissue raembrane 
which irmanis as a covTrmg of the bonrs is colled the 

In the case of a replacing bone like die tibia of the lower leg (^hank), 
a caftilagkiDiis irsd L's laid dow'ti in die connective tbsue. Laier diis cartilage 
is replaced by bone in soinevvhai the following manner Some of the peri- 
chondrial cells and others in¬ 
side of thr cartilage near the 
middle □! the rod beenme hone 
builders [osiei^btasis) and Say 
down a ring nf Ik me at lhal 
point. Adjacent tn this ring the 
rartiloginouji matrix begins to di^ ^ 
solve^ prr^bably under the in flu- jl 
cTLce of certain cells winch have 

B 

C 


iHirn called rhfifidfiinltisiJ. As fast 
as die cartilage is licslroyed^ 
spongy^ bone takes its place iFigp 
t[j7j. From die mtddle nf the bar 
thir^r diangcf^ spread toward the 
ends undJ the entire shaft {din* 
{ihydi) has ossified leaving only 
die ends (^pifihpfi) of the tibia 
as cartilagi::, Thb is (he condition 
in man at about the time i>r birth^ 
Soon after birth a center of usd- 







Fi^b OstiririJilnn luiH hi a 

liijiic of mjTFurudj- < iirlUii;i^jfiOa* ^ 

anil 1 .+ l.ivinn tk^wii tif honr 

[daUrfM iind perjrhrm'drj I t^me dibrk 1 ; d, 
UPlieajancr nf p«viKriLiinti reiilcr fm aM 
epiphyib Ji ejch ced: iM-i^iniiinif nf fnr* 

matiiin Ffiatitiiv tarity \lli;|lilcr dotted]; f, 
tiinriii of cpiphysCi with ih.ifL leariin: eani- 
iage outy ai articular endt 1 Aftp.r Aici J 


ficniion appears in cadi cpiphysli 
and enlanjcj^ iintil ihe only cartilage left here is a cap on the articular 
AUrface .Old *1 ptaie between tOaphvfiia and cpiphyifis ( Fig. lOR'', 'Hie 
articular c^ps remain dinmjtjhoijE life hut the pi ale is 3 temptnarv^ cLmrc 
to permit elongadou of tile bonc^ The cartilage In the niidcfte of the plate 
coiidriiic^ m gniw and espantL At the ^me time the prt^cc^ ^jf minute 
replacement pTXs un at die two surfarx5 v% here It iti rontact with diaphysjs- 
and epiph>^ At on age of 17-25 years the cartilage of the plate ceoftCii^ 
fTigeneriidrvii ainl the Imosiurv of bfmc ircimpletdy rcpiaci:? tlir plate. Tfie 
iKinc ha» then cainpkted its clongatinn. During dib develapmenlal prrioil 
there is oho an increase in ihe diameter of the bone, bv the addition fii 
material on the Mirfjee. At about ihc time of birth commcucc Co 
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destroy the hony plates m the cenier of the leading only the soft 

marrow which, from the be^jiniiing, in bciwocti the platen, A large marrow 
ninniiig the entire length of die shafts ihii^ develupa. This caiiily 
slcrtvly mlarges as the bone increases in length and diameter. During this 
same period the rest of tin: spongy bone o( the dLipbysts, but not tif the 
rpiphysiSj h rcorgani^ied in to ctimpact hone laid down in concentric rings 
around the numerous small blood vessels which run through tlie bony tissue, 
thus forming Haversian s^-stems. 

In this manner ihe adult condiiian of the ^Jone is reached. In the long 
hones the diaph^^is conrists of compact bejiie suirriunding a large elongate 
mamm^ rjivity. Tfic epiphyses rctnaio as spjngy bone cjtcept for a very^ thin, 
outer layer of compact \yont^ which may not completely cover these parts. 
The spaces in this spongy bone arc conLimunw wiih the marrow cavity and^ 
as previously mentioned, filled with marroiA'. The connective ti^iie covering, 
which was called perichondrimn in the cartilage stage, becomes kiiawn as 
pti iosiciLiin where bone is present Ix^ncath iL 

V, MUSCLE TISSUE 

One of tlic common rat manifcBtations of life is movement. Even in sta^ 
tionary plants living cytoplasm streams about wUhm the edls, and lJuids are 
passed from one part to another. \N'idiiii the animal body cctlafn members 
of the cell community, HJte blood cclls» ^ihjft alamt with much freedom, 
w hile other kintb of cells* lcucoc) tra for example, are liable to change their 
shapRL 'lltr wed I-nigh imivrr&al ahtlity of living ceUs to move or change 
shape, cuhrLuiatcs iti m^srh ^dis, whose conspiaious contractility not only 
causes intema! movemcni but exercises an iitflEicncx for motion alw* in more 
nr \r^ dbtant parts of the body lo which they arc dircsctly or indkecily 
aiiached- 

Thc cytoplasm af ^he elongated muscle celb is dJITercntfated into sorro- 
fjlasfn and myofibnh^ as w ell as- sheathsi which clothe the sarcoplasm like a 
ihin nib her glove, MyofihnU arc embedded in the sarcoplasm and are the 
particuhir median ism of contractility. Tfiey are prciiliar in timi they eflTect 
crmlriiction hi only ipne direction imtead fjf in any direction, as in the case 
With ordinary contractile cyloplasm. Musc:ulnr nujvemrnt is alwaj’B brought 
by the pnfl of tiiturlci, while restorative moverntmts are in ttrrii 
dfrrted by the pull of anLigoubtic muscles, and noi by the relaxation that 
follows coiitnchurr Muscle tissue is. therefore, simply spcclali^d tissue in 
which the general function of coniracdlity is earned out more diectually 
than rkewhcrCi 


Divifrion of Labor in Tissues 

Dr, A, E. Shiplry has vividly emphasized the power that may be stored 
in muscle tissue by citing the performance of a jumping flea. Some patient 
person who siicce^ed In wei^ng nine fleas found their average weight lo 
be 0.38 milligrams. Tleas can leap from 8 to 13 iticlira. If a man who weighs 
70 kilograms, or about 150 pounds, made a corresponding leap, he “could 
leap to the moon in about ten jumps*" 

There arc three kinds of muscle tissue that differ in the degree or 
nuiimcr of diilercntialion, namely, smooth, striated, and cardiac. 

1. Smooth Muscle 

Smooth miiute ceBs have a sii^lc nucleus near the ernter of the cell, 
are usually spindle^liapedp and rarely forkctl at the coils (Fig- 92 a 1. In 
man they %^ry in size from 15 tnicra (1.5/1000 of a millimrierj in blood 
v«6rb, to 200 micra in the digestive tulw. while in the walls of the uterus 
during pregnancy they may reach fiOO mirra in length. In the pliant walls 
□f the bbddcr they art more or less mtertaced or felted together, lying in 
every direction, s> that the bUdder when it is emptied contracts like a toy 
ballwm rather than collapsing like an empre hm-watcr hag. 

Smooth muscle cells are often isfolaicd or in thin layers, or more rarely 
masswl together into bulky tiasucs. They are widely distributed throughout 
the body, and are found for example (tl the ekin where they act as hair- 
raisers fcathcr-lluffcrs, or around the openings of glands where they act as 
dflOrkeepera. They also form a large part of the contracdle walls of varioua 
tubes and passagc-Wiiys, swli as blood and lymph veEsels, the digestive tube 
[except the upper part of the esoplmgus), the trachea and bronchi, the 
reproductive ducts, and the ureters. 

2. Striated Muscle 

Striattfd muscle /fwitr is “flesJ!," and in man it constitutes approximateh 
fifty per cent of the weight of the entire body i. Fig. 92n] . It is found not 
only in the bulky body wall, and the muscles of the limbs where it effects 
locoiucjluin, but also, at least in the higher vertebrates, in the diaphrattm, 
tongue, esophagus, pharynx, larynx, and the muscles rd the eyeball, 

TTic etimponcnt fibers of sirailed muscle tissue, which are quite eiident 
in cooked coined beef, are commonly large, elongated cells that are no 
longer able to be served, like smooth miuvcle cells, by a ^gle nuckuB, lu 
consequence scattered along the fiber many nuclei are present, like .lub- 
statiaoB. 

The descriptive term “striated" refers to the fart that tjic embedded 
.■tadir myofibrils^ which extend throughout the length of the fiberx. are dif- 
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fercTiKatcd into alicmat^ hfadlLke h&n<h lying side by side acrti^ the 
hiiJidies of fibers in sufd* a fasMon Id produce a striatcil effecL These 
beadlike p;txts of myofibrils arc physicady and cicmicaJly unlike the con¬ 
necting paJtj between tiic “bfack," beausc they stain differentially %vUli 
aniline dye^ and refract light diffmntly* the dark beads, or anisotropic 
hands, being doubly refractive in pcihrizcd light, while ihe isotropic hands^ 
or parLit bctweai Llic beads, are singly rrfnictive in polarized light 

Mom>ver there h a physiol Dgicini difference, as wdl as physioit and 
chemical* in these parts of the contraciilr fibrib ^ritJiiji a muscle fiber^ fdticc 
aniscitropic bantlri shorten more than isoirupic hands during contractioft. 

fn hirili^ the “while meat’" of the breast is character izedi by an excess of 
myofibrils, while the dark meat bus more ^rcoplaEm and less myofitrLUar 
«ubstiincc in its Gbm. 

in gcnirral the striated nuiscles effect cjuick tunvcinenls of comparativEly 
ihort duration and arc voiuntaTy\ tJiat h, under llir control of ihc w ill, w hilc 
limootli nuisclc ikuir b mvi^lutiiary and much slower in action. There are 
certain notable exteptions to this gcncralkation among invertebrates, for 
the body muscles of sorrie mollu&ki* arc smootli and voluntary^ while die 
visceral musde^ of insects and crustacejms are typically striated and in¬ 
voluntary. 

% Cardiac Mmcte 

The tissue of the muscular vertebraLf. keari is Int^micdiaLc m ciiar- 
acicr Ijctwccn smooth and striated mustrlt, in that the camponcni cells are 

cnmparativcly short* branehing'^ and in- 
viitiintajy m action* althoui’h striated 
tn appearance and tnultinndcar (Fig. 

The cnormmift dynamic force exer- 
I'ised by iiny kind of niuscle tissue is 
seldom realized. The tireless heart rif 
man, for example, knows no test, as one 
nrduiarily thinks of rest, but throbs faith-' 

aiipping a 

beat throughout x bng lifetime, 

VK NER\ E TISSUE 

Aervt Hssuf is t.haracteri&lic iif ruLhrr tha n plunts, ullbniigli 

die newous function of Knmiiiviiy h a fiintbimcntal property of cvitipta^n. 
bj no tneam ithscni from plant life. ITiL^ daeue conaista i>f speridiied nerve 
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Division ofLabpr in Tb^es 

ccU$, or n^iifffriJi uccoinpaiiipd by natrkjvc icmporicnl^ of various $ortE^ con¬ 
nective tissue* and jion'-ncrvfjys supporting furBtogljd rriit of ectodermal 
origin- The cytoplaEni i>r ncatoiis is diiTcrcntiatcd by the presence of neurp- 
fibrils, that differ frcim the r«t of the cell in diemical composition, as shown 
by staining methods* and which arc parti cubrly fitted far tcccptkni of 
«timnii and the tranamissjon of impulses, just as tnyofibrils am specialized 
instnunents of contractility in mniide eelh.. 

Neurons exhibit extreme raudification from the characterktic sphrrtral 
onbrynnic form, the cytoplasm being drawn nut inU> cctremely dongated 
procrsica or fibcis of two kinds, called respectively dirniiriUs and 
Dcndtiies are numerous and branch freely like a trcc^ &s ihrir name indi- 
while there is only a singEe nenrite to each cell (Fig^ y^F}* 

When impnLses travd through a neurnn along ilie ncumfibrlb, they do 
not go at random in any direction but alway.s enter through dendrites and 
PlIs uut through the nunriie. Impuiso are relayed frtirn cell to cell by chain- 
like contact {synapse) betivec 3 i the neuriic of one tieiiron and the dendrite 
of the next. 

^^Nerves” are bundlcsi of ncurilcs and dendrites that extend like cables 
outside of the central iierv'oiis Bystcni, They arecnch^Bcd in a cofiunijn sheath 
of connective tissue, CajigUa^ also ouiBide of tlic central ner\'ous systtmT arc 
aggregates of rdl bodice of neurons. 

Nervous dsaue accomplisbes a double m^ionr firstj that of relating the 
organian to its ctr^dronment through sense organs: and second, that of regn* 
bting and ainrlating the bodity lictivkies by means ol the central and 
autDiiooiic nervous apparatiiSK 



CHAPTER VIII 


The Development of the Individual— 

Embryology 


L THE STARTING POIN^F 

No animal nr plant is an OTpKan in the seme that it has no parents. In 
protCKcnam prodticed hy fui^ion the parent prrbhes b>' division into progimy* 
The spontanecFus origin, even of the most rniiiuLc organisrm, at least under 
present cemditiom on this ha5 been effectually dispnoverl Moilem 

control of bacterial diseasess toi^iher with the incalculable boon of usepde 
5urgcr>' and antiseptic practice, depends upon the dear undei^tanding of 
thus flirt, 

A new organisn may be introduced into the brotherhood of living things 
by one parent or by two, but no animal or plant comes into the world of 
today unsponsoird by preceding life, 

Wlien there is only one parent the new Individual is said to arise by 
iLt^xual reproduction, Ilie method of sexu^d reproduction, iinweveTp that 
in^nlve a dtiobk jwura:, is by far the cummuner way for higher animals 
and plants to begin thtlr separate existence. 

The starting point of a sc-xuaUy produced indi^Tdiial is a or 

frililLfied egg, which is; a combiiLitiofi of two parental gameleSj or maiurc 
sex cells. It b the purpn«>r of the chapter Eq trace seine of the more impor¬ 
tant cpbodcs in the ""miraculous pageant of o^ntitriTOiilions'" that take place 
hetw^een the setting up of the zygote and the e4slablishment of the adult 
organism. A fasematiug part of bio1og>^ is the particular province of Em* 
bryology, some familiarity with which b raential to the underaianding of 
the structure and fiinctinm of adult anunab and plants 

Ever Aristotle described w'har he saw when he cipened hoi^s 
at variotis stages of iticiiballon, embryolog)'^ has been Dccupird with record¬ 
ing whai changes inke place duTing deoetopmens, with die result that a 
l ontiderahle body of detailed ui formation has been accumulated. In leccDt 
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years embr>ologista have not been content simply to find out whai happens 
in a transfonning embryo, and how the dianges occur, but have sought 
more and more lo explain why sudi chattgpf take place. This attempt has 
Jed u> Experimefitat E7nbTyolog}\ an aspect of biological sdence with ailunng 
vistas tluit idaiming much attentiem today, 

11 *hy does the povircr to regenerate Inst parts decnease as we go np the 
vertebrate scale? H'7iy does tlie orderly sequence of development sometimes 
become npsrl so that a monstraiia organism results? t4^hy do groupsi of ccib 
sometimes go on a rampage and fcam nnoigaiiizcd canccruus grov^tJi that 
the animal cannot control? 

II. THE NF.ChiSSARY PARTNERS 

t- DifTcrentJation of the Germ Celk 

Tivo geim cells, sperm and egg m animaLs, are necia^ry partners fn 
the cnierpribc of a fertUiyed egg. The fact thiit different terms^ tiamcly, 
pdUn grsjTis^ and arc commonly employed to designate the repro¬ 

ductive units in JcAud plml$ docs not mdicaic any essential difference In 
die gcmi cdlH of planui and atiimak. A pollen grain is a spore whkh pfo- 
duces an organ ism, the poUen tube, from which a fertilizing ekment or cell, 
homologous wiUt the animal sperm, pascs^ to the ovule, 

Ftrtitizntion is the tinipn of two diverse germ cells, and con^cquepily 
prenision has to be made for getting them together. 

llie egg, which is ordinarily loaded with lirst-ald niitriment for the 
future organism during the critical early stages of its dev-dopmctit^ tcxidv to 
become relatively heavy and stationary, thus throwing upon the sperm the 
mponsIbilJK of doing the traveling in the nescessan* process of getting to- 
grther, "llic egg does not meet the spettn half way* The sperm lias to travel 
the entire distance. This drcumstance has brought about a high degree ol 
morphological difference in the germ cclla of the two scjcca, 

2. Kinds of Sperm 

The result of the phs'siological neceaaty of a union of germ cells to effect 
fcTtili?iatioii b that the spenn cells of antmak, atid the male ctU in the pollen 
grains of pLuiLs, become apedallzed into structures adapted particnlariy for 
locomotiorL In anim ak this involves a fluid medium hi which to traveL 
In plants the traveling tnak germ cell within the pollen grain is more often 
adapted for transport through the air by the wind or through the agenqf 
of insecta. 

A typkal sperm cell adapterl for WomotSon along a fluitl highway is 
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pktumi in Fij^c 92ll. The hiinnan Bpcirm rell, acccirilmg lo Wuddington, 
can travel at thr rale of aboni an inch in tlitee minutes. 

Ttic diJTcrcntbied head of the sp.™, which is principally made up of 
the nndciis, cartiis the thtomosomrii that arc frdgilicd with thr hereditary 
drtrrniincra, ivhUe the middle ptec^ and the Iwoniotiu' f<«/ represent iraJis- 
fottnend O'tnpliisin. ntodified for piirdcular uscSi Ail animal sperm is thus 
adapted for sculling forward thmugli a fluid medium by means nf the 
\ ibratilr tuiL Aiuroalb nocr employ aerial mutes for this purpose as dt> 
plants. 

Amuiig vertebrates, hmiy fidies and amirans usually broadcast their cgRS 
and sperm in water, and the speiTH i;ells travel in this methum ut rearli llic 
cgg. Among land fornis like reptiles, birds, and mammals, internal fertiUza- 
tinii oi’ciiTs, so that the r?pcfm travel up the oviduct to the egg in a 
secreted fluid mf:dium that senses thr same purpose as water in the case 
of aquatic animals. Caputiiiion, which occurs in all land animats, is simply a 
device for insuring platxmciU of locomotor sperm cclisi ui a suitable high¬ 
way leading to the waiting egg. 

An exception to the almost imiversa! type of sperm with a locomotor 
tail is found amung certain wutins, .iKflrtJ for example, and in crabs, where 
ail amoeboid or angular fumi is assumed by the sperm cclL The approarh 
to the egg in this inslance is acromplished by much slower movements, the 
crcqjing sperm being in contact with solid ubjecls, 

3. Kinds of Eggs 

The eggs of animab difTer ^prcifirally with irfeirnce to the load of 
nutritive yolk whidi they rarry, Curiously those with a minimum amnimt of 
stored fotjd are found at ilie two extremes of the cbordntc scale, namely, 
the eggs of amphioxus and of manunals. 'Hic tggs of amphicixus probably 
rcpresciii a primiiivc conditinn in the matter of the acqulxition of yolk- The 
piverty f>r yolk in the eggs oI mainmals has doubtless come about 

through a dUTcrent chain of raitiHrs, correlated with tlic fact that not much 
stored food is required in the eggs of this group, since they early bccmnc 
ini planted like parasites in (he uterine wall of the mother from whom they 
derive their necessary nutritive start in Ufe. -Av a conucqucnce of the scarcity 
of yolk, the mammalian egg b remarkably Firtall, that of man mcasunog 
only abemt 1/125 of an inch in diamcicr I Fig. 110). As the yolk is scattered 
equally through there cgp, they are described as isaUcitkal {ho, equal; 

Ain, yolk). 

In cycltHt(Jtn«. fishes, and amphibians, tlic abundant lifeless yolk is 
massed in the lower or ‘‘vegetal” half of the egg while the nucleus and 
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most of the liviiig cyiQp!a5iti, con.^£itucuig the embryogenk or '"animal" pole^ 
appears on ihc upper side. Such fgg& arc ihercforc (^ioliciihal ("ei^d- 
VQlkrd"), 

Sn much volt Is present in the icblecithal eggs of reptiles and hirds that 
the nuelem of the egg cdl* togedicr with its tiny halo of active cytoplasm, 
forms only a ^all arta^ or grrminal disct al the animal pole. When un- 
Uinderred the hca\y yolk invariably roiatcs so that the genuinal disc comm 
lu lie uppeimosL 
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In addiiimtk Birdt have a reserve food supply of tnitrilive albumen or 
‘■while," packed around the egg within the prol^ctH'^ shelL 

H ime j^rctche the point to inelude such accessory^ food tnaterkt* the 
hijtl> egg mmt be regarded as the laj^jeet kind of all atiitnal cdk. I’he egg 
of the wingless Apteryx of the Antipodeii weighs nearly out fourth as much 
as the entire hhd- An cfitrich's egg is equivalent in bulk to about a doocen 
hen*fl eggK^ while Lhat of the gigantic "moa^” now extinct (Fig^ 51 ), had 
twelve times the content of an oeUich's egg and mightj, thcrrforci easily 
hold the palm as being the largest animal ever known. 


HL DE\TLOPMENT OF A CHORDATE 

The rnEumer of development of an egg is dependeni upon the aitiDunt 
of inert yolk that is present In amphioxuss where there is very little y'oUc. to 
hinder the process of orderh cell the mtbr egg mas. b equally 

iuvdved in cell formation^ and early deveJopjncni is less ccmiplicated than 
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in mo^ votchranis. Before conEideniig specific points for sirveral rcprtsenm- 
tivc chordates^ let us first nixaminc the fundamentat plan of dicffdate 
development. 

h Cleav^agc (Segm taut Ion of tlie egg) 

After the union of the spnm and egg^ ^he first of a long series of proc¬ 
esses that transforTn the lettiltKed egg into an aduJi uidividuai occurs. Thb 
firsc process, tailed daxvnge. consists of a rapid succession of mittsics in 
which the initial cell faecomes divided in turn into two, four, eight, and m 
on (Fig. ni)t itntil a smalJ mass of ccTb results, without appreciable in¬ 
crease in total weight over that of the fcnHized egg. Each one of these small 
cells rnritamFi a complete double set of chromosomcap beating hereditary 
potentialities finm two parents^ thus duplicating the origittai complcmePt 
in the fcitilisted egg. 
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The result of these rapid preliminary deavage diviiions b the lirtaking 
up of ihe original cdl inio many separate working units, A ytfy funda- 
mental principle underlying differentiation is division oj labor^ and this b 
facilitated when there are different nudear ccnim pnaent for the initiation 
of different cellular enterprises. 

Z llic Blastub 

As the stnoU cclK of cssentijlly uniform size, become more numerous^ 
they aiTange themselvea in the form of a hollow srphert* or the 

cavity wdtiim being known as the ^gmsmalion cnohy and the individual 
cdls blnstomef^f^ 

3. The Gastrula 

’'Flic cdbi at one pole ol thr hnfiovv sphere divide oftencr and Ikfconie 
more nutncitius and crowded than at the i^ther pole^ Since they remain ru 
contact with each other without changing thdr rchtiv'c positions to any 
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grrat exteat^ they tend to form a continuDiiS layer chat is more than siifFiciciit 
to make up the original surface of the sphere In this region. Thry arc^ there¬ 
fore, fozued to find more st]mdiiig room which is accomplished by their 
pushing into the segmentatiDn cavity, with the result dm! a double cup^ or 
goitnila^ is fonned (Fig. 112)* 




Fig* 112. GauruLuion in iJie deveiopmenr uf aj]i[^b]nuL {From Hueu- 

jner, FiiW^^mriirjidj of CvmfnSftathi^ EmbryDlij^ of 

copyright l ^l, by pirrimsaicia of llie MacmllJan Ckunpany, puiiLMienL] 


The outer layer of thU rap is the ecti>deTm^ (he inner kyer the ^ndo^ 
dfrm (or “entoderm” of some auLhms)^ The new cavity wiihm the cup fe 
termed the he nitron t or primitive digestive cavity, and its opening to 

tlic exterior, the blasti^pore* The latter is at the posterior end of the embryo^ 
Ihc inpu^hing {invaginiiti{in\ of the tododeini cuntimies until the seg¬ 
ment adon cavity is almost obliterated.^ Meanwhile the adibdon of new 
nmierial in a gmw'th rcgiDit near tie posterior end of the ga^nila^ around 
the htastopoFe, brings about an ehmgatton qI the nrihiy^o and a marked 
decreitsc in the size nf the blastopore^ As (hk doiigptian is riiorc rapid 
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v^nlraliy than clsci^'hcre, the reduced blastnp<itc in moved to a somewhal 
dorsal position instead of remainifig sirkrly terminal. Thb more rapid elon¬ 
gation of the ventral side of die gastruhl is a good illustration of the far^ 
reachins ffrifKipta of growth in the pmeesfr of differentia dun. In 

fact •■unequal grnwtli," that is, unequal m quantity nr mte, lies at the very 
foundation of many processes of tiiorphogentsis, camitituting much of the 
subject matter of enibrjolog>'. 


4, Formation of the Kervous System 

One cif the earliest tnKmi si’Btems to appear is the nei7.'oiif tytiem. Along 
the dorsal side of the gastnila, cctodemi cells begin to multiply at a greater 
rate than in the stirrmiriding rcgiiin, thus fomiing a thickened area, the 
tufural. filatc. Further increased mitotic activity in these cells soon results in 
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the loitnatioD of a protivc along the midiUc of the neural pblc, as the n'lb 
in tlie niid-tlorml region piuh doun itito the underlying scgmentaiton cavity 
and thoM: on either aide inmuhaiieHusly are folded up intn longinidinal 
ridges, neufol [oUlf I Fig. 1 l.i}. The furrow between the ridges is the tifUtat 
gr(»(*i-r, the walb of which arc the forerunner of the ttnlral nervoia system. 
The neural folds cmrtimic lo approach one another until they tneri almve 
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the invapnaied groove to form the mural tutte wiiJcb soon splits off from 
the surface ccteidemi. Tliis procc«, bcgioniiig in tiie hcail region, proceriiii 
posteriorly. Cettisequenily wbctv llie groove has been citimpktdy closed over 
near iis anterior end, the neural fnldji may he metety bcgiiitiing to appear 
in the posnaior part of the emhr>' 0 . The cslreiiu: aJilerior enrl nf thr groove 
remains open for a time, however, as the neuropore which leads mio the 
cavttv of the neural lobe, the ntufocoite. 
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Grailuiilly the ncoral folds ejctcml farther and farrluT toward the p<ts- 
iprior end td the embryo unlil they reach points on cither sidt of the liny 
blastopore which, as a result, then lies in Uie bottom of ihe neural groove. 
As soon ns the two folds have cxlendcd beyond the blastopore they turn 
toward the mid-line where they meet (Fig. 1141. As at other levels, the 
folds in this potftcrior fegion eventually meet over die top of the groove and 

















































1^4 Sio?og|' of thit \ 

complete the formation of a tube. Because Ltir blastopfirc was on the tlix>i' 
of the groo\’c, there is nuw a passaj^way (HeirrettfirrrV ^iino/) between the 
neiinx’oelc anit the primitive gut eavity. This comietiion U later obliterated, 
leaving the two s>:stems compktrly separate in this region, 

5. Fnnuatirin «>f Notochord and Mesoderm 

CfuiciiiTCiiily with the appearance of ihe central nerv'ous ^'sterru three 
groups nf cells grow into the dorsal part of the segmentation cavity, either 
from tlie dorsal endridcjm or froni the zone «f proliferation just in front cJ 
the hJastopofc. One of these groups, lying in thr mid-line, forms an tirv* 
paired strand of cells which later separates from llie parent tissue to become 
the npIfirAflrif. ITie other two grfiups nf cells, one on each side of the nottJ- 
ehorcl, air the paired beginnings of tlic third germ Ijiver, the meicnierni 
'Fig. U3). 

‘riiruiigh rapid cell proliferation these mesodermal sheets spread latcraily 
and centrally around Ibc endoderm. Meanwhile each sheet ha* split into an. 
outer mmtilit; adjacent to ihe ectoderm, and an inner xplrtTirtink layer, 
nr:tt to the endoderm. The new easily thus formed, ihe codotn, lying wholly 
within the mesudenn, is a single ciDidnunuit apace mi each side of the biKly, 

6, nifTercnihitiun of the MesrHlerm 

As the niesodertnal sheets spread and split, each iindergncs differenti¬ 
ation into three regicin&, namely: ( i i a dorsal near the neural 

tube; ’J a small and (.3J a ventral hypomtte, ciiclosiiiig a large 

part cjF the crjcloinic cavity [Fig. ll.'i'. The epimrix, beginning Brsl jiraT 
the anterior etid, beromes gradually divided transvctscly into parts known 
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SIS which soon become sepamieii from the mcsomcrc. Only wedc 

ajiJ tem|x>rar\' segmeiitalion ever appears in ihc me=cmere, while the lij-po- 
mere never shows evicicncc of srgmcinauaii or of scpanttirm from the 
mcsoniere. 

The thin-walled h\poTncTcs of the sidc^i gmw* tow^ard tlie mid-line, 
both dorsal and ventral to the archenterotij until they come in contact, with 
one another 10 form the two-ktyered dorml and uenir^ mssenti^riet [Fi^. 
llfi)p p-VJlhoiigh die dtirsal mcEcntery per^bts in ibc arhilt Rnimal, nearly 
all of the ventml mcsrnTcr>‘ $Don disappears ^ that die two CDelmnic cavities 
become tantitiiiuiis. Betw'ecn the thin, approximated walk of the dorsal 
mcAcnlcry, blix>d vessels and nervts extend to and from Uic digestive tulsc. 
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7 . Emigraiinn of ihc Mtsirnchyoie 

Fmm the splanchmc part of each hypomerc and both portions of each 
epimrre, crlls, collectiveJy known na migrate into the segmen¬ 

tation cavity. By arnochoid movement, they may wander anywhere within 
this cavity* Many celk fitmi the median part of each epimere mass al«>ng- 
flidc the notochord and nervic ctiril to form a seferoSom^ ("IslteleLal seg¬ 
ment”), while most of those fium the laleraJ p5irt of the rpimere gather just 
farncatJi the ectoderm as Uic d^rmaiom^ [“dermal segment”). The portum 
of die epimerc remaining after these mesenL'hymal cells ha\T been given off 
is known as the myoittmr (“muscle segment"). See Fjg. ] 16. 

Some of the mestmLliynial cefls from the hypomerc group about the 
endoderm tn inrm die smooth musdea, blood vesseb and comiectTVe tissue 
of the wall of the digvstivr tracL Other nicsaichymal celb, frum both hypo¬ 
merc aud epimcTCp mignitc throughout the segmentation cavity to form, at 
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appropriate Connective tissue* cartilage, bone, smooth muscles. Wood 

cells and blood vcnisebi. 

After mesenchyiTiyJ niigration has begun, the dermattifncs anil thin por¬ 
tions of the myotome* grow ventrally into tlir region between the somatic 
mesoderm of the hypomerc and the eciodirTm. IVidi die filling in of demifi] 
cells in the tnid-^line. boih tiorsally and vcntrully, a cKnitinuous sheet of 
material, w'bich diflerentiatCiL hiio the derma, is laid down. jUthough the 
myototnes also grow to the niid-linet dorsal tn the nerve cord and vmtral 
U> the body cavitv, the muisclcs oi the two sides d the body never fuse, but 
mnaiti separated by a thin partition of connective tissue. The ventral, lldn 
pjrtions of the myotcimes gi^ic rise to die srtTraJ thin sheets of ^rdluntury 
musdc tbsue of die ventral and lateral parts of the body w 

8, *4ssfTmb1jng of ihc Digestive Tube 

With the closing over of the bListopire^ no dlrert opnlng into the 
archentenon rcfiiaim. Later a dige^iiite iubi, witli an inlet ai tine end and 
an outlet at the other, is established. The lar^r pait of this foixi tube is 
made up of the archeuleron, lined with endodenn, already in use. "ITie 
urigitLiil archcfitcton is supplemented at dtlier end by cclodcitnuf in vagina- 
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Uom that come m contact with it ami firLally bteat through, thus forming 
a cantinuou.^ canal through the body of the emhiy'o. The inpiLirkhing of the 
cct<?drrm at the anterior end, which marks the region of the future mouth, 
is called the stomodaeum, while the conrsponding iDva^nadori at the pos¬ 
terior end, that farms the 4naL exit of the food tube, it called the praeii>~ 
daeum (Figi 117)* Thus it comet about that food passing through the 
alimentary tract firsL rubs against walls of ectodermal origin, then follows 
along iltc oiajor distance in ccmtact with eududermai walb where much 
of it h absorbed:, and finally the residue passes out through ectodermal 
w^Hh, 
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9. The Fate of tlie Genn Layers 

With gastmlation and diflerentiadon of the primitive genn layers there 
begins to be an inoease in iHc sbec of the embryo, or growlht accompanied 
by diversification and establjshnifait of the on^iw and systems that ronsti' 
tute the mechanisms of the adult animaL Ic is the task of OTgenology, or 
Oescriptivs EmbryologVt to follow out the changes Ontt take place. Obsi- 
otisly within the coniines of a brief introductory chapter it is necessary to 
avoid many alluring side aUcys that endee one from the main highway, 
and to be content with a brief resume of the atructurc* formed hy the several; 
itgjuns just described (Fig* 118). 
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The ectoderm gives rise to; (!) the nervous system, induding the brain, 
spinal cord, nerves, and receptor endings; (2) die lining epithelium of the 
mouth and nasal cavities (from siomodaeiun) and of the last part of the 
rcctujn (fmm proctodaeum); and f3) the epidermis and all of its dcriva- 
tivs. Including fcathcra, hairs, nails, claws, scales (except in ftshea), Integu¬ 
mentary' glands, enamel of the teeth, and lens of the eye. 

The endodtun feuirw not only the lining of almost the entire digesdve 
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tract but abo the cpithdbil layer m ihc tubules of such outpocketiiigs of thr 
tract a'i the livxf^ prid pancreas. 

Of tlie m£ioderrnat regions the epimeres give rise to: (1) mesenchymal 
sclerotooies which develop into the vertebral columD; (2) mcscmchymal 
dermatomes which form moat of the dcnnai part of the integument; (3) myo- 
tomes from which nearly all of the voluntary muscles arise* and (4) other 
mcscnchyTTia] edis which contribute to the formation of skeletal^ dermal, 
and drculatory stnitturts as wcU as smorsth miisdrs. 

The mesumetes are Lhc sourte of the cicretory syj?tcin and the gonads 
wliich harbor the germ cells- 

The hypomeres, in addition to foiming mesenteries and liruugis of the 
Ex)dy ca>itics, also give rbe to some of die voluntary muscles of tlie head 
and neck regions and to part of ihr mcscnrhymal aggregate from which 
develop portions of the sketeial, dermal, and ctrculatory organs^ and the 
>mooLb nmj^les. 

The question of how these structures arise from their cmbryoiuc ante* 
cedents await$ our aiEendon in lattr ehapicnL 

iV, EARL\ DEVELOP.^IENT OF TELOLECITHAL EGGS 

Thf prwtdiiig ^(rction ha.^ winceoKfil itself iviLb a simplified plan of 
citvriopnieiii which might In: fcdtowcil hy aii isolectilial egg of a Imvtr vertex 
bratc. In many respects this plan abo applies to the devejopment of te!o- 
lecithal eggs but it is modiried^ puitlcuWly in early stages, by the presence 
of yolL 

(D 

fl]{i ltd. Clcas'^fc of an Amhh'tioinA (Alta Eydesham«r.J 

Hlicn liie yolk is dispcwrtJ polar fashion, as in an amphihian’fi egg, the 
mitoees at the enibryogemc antmal pnk, in The neighbodiood of the original 
nuctcuii, go foi^'ard at an acceteraied rate, while cell di^'ision Is retarded at 
lhc opposite vegetal pole where the inert yolk ^ particularly in c\-idcncc 
Fig. 119). A blasttda b c^-idently fornied bin ^ segtaeniation eatnty 
within the hollow sphere b ecccitiric. its walls being of very unequal thick* 
nc^r because the blastomcres at the animal pole are coiisidexahly smaller 
and more active than those at the opposite or vegetal pole i Fig. 120/< 
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In reptiles and birds the results of sej^cntation are still further modified 
by the rrJativdy ciionnoiis amaiint of yolk present. The nuckus of the lerd- 
lized egg undergoes the usual mitoses, but the neiv cell boundaries fail to be 
extended so as to inrJude the great sphere of yolk materiaL 'ITic result h a 
patch or disc of crowded blasto- 
mtres of unequal size at the am^ 
jnal pole* the larger cells with 
incomplete boundaries being at 
thr periphery' (Fig- 121), Al¬ 
though earlier e^'cn the central 
edb were not separated from the 
yolk bclow^j they have by tfiis time 
jtplit off leaving a spacc^ the 
m^niaiion equity, lictween them 
and the yolk (Fig. 122). 

in the amphibian egg* in 
which the segmenLadon cavity 
lias walk of uneqmd ihkknos* a 
slight invaginatiun to lorna a groove appears on. one rfdc at the point 
where the upper thin wall passes over into the low-cr thick w^all of the 
vegetal p(*le, Tbf w^alL tcU* ol thr upper Up (on the animal pole side) 
of the groove navi proliferate rapidly, urn] ihe lip begim to grow down 



Fig, 122. Sci’tinn ihrau|;h tlie blaitui* of a chirti, fFrotn ]lueuiier, 
Fundemtitlah ^>l CompttTaliee Emhfyetogy cf thr VrrtrbTfitts, copyngiH 
19+1, by pcriHissi(ni of The OmpiHiy, p«bIljbcn.J 
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Fig. t20K A Istmisectcd yastulo of ihr firog. 
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tivtt Emhryalftgy of ihif t 

righl l?41, by ptmninku of The Macmlllim 
CUmjiiitiy, puhlbhcris) 
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the Lai|[e yaUt-OUcd cells {Fig. 123}. Thv mitrr layer of the Hp is 
eetodffTffi^ the inner lay^r endodi?Tm^ and The cavity between iJndodcrm and 
yolk cells is the il^£h^^nt£r^^n, Aided by sijine growtli of the tmaJI ceUs over 
the large cji^i;!^ all arotmil ihr equator of the blastuLi^ the duisai Up eventu- 
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ns- 123, GAHimlittiriiii in the devdcjijmciiT n! the hog. (Ffom Hiictrorr, 

F^tuim^^fnlIlh i#/ ComparaitvMf Fifihr\^thgy rtf fkr ct3];i^TighE 

194 b hv jpermifiiioifi of Tin- ^Mycniilljui puhililien.} 
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ally cuicfs all Imi a small yolk fittig, compejsfiJ of the Wrg.t cells. This plug 
occupies what is actually ihr hleitof/OTf.. Meanwhile the yolk cells ihitm- 
seh-es have becu gradually shifting away fnoni the small archcntcron into 
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Fm;. I 2 fk Schcmalic tmmvmt icrlt«w ll 5 Taisi;ll primitive ilrtaJc oF Hit 
Hev^Joping chlck^ ilttwing f<imiifctlDa of cmluiJci^i then mcsodcmi 
Irutn the iticak. [Ah^r t*'utlctLj 


iht sirgmimtatiiJii ca\^ty, wiLh thi^ result iuai ihc ardtenicron has ineTeniseil 
considerably in size, mainly at the expense of the segmcntalion cavilyy M 
ftik gastnilatioQ is taking pbetj the nolochord and two mettfdcrmul sheets 


Site ariHing front the dor^ mtlo 
dcrmiil cells and the zone of pro- 
llfLTTatijQn ill the region of the 
4 tiirs^l lift of ik€ blimopQT^^ TTie 
rirumi tube haa &ho been devel¬ 
oping in Ol mauncr similijr to that 
desrribed abmcy though dHTcring 
111 some details. In most tcspecis 
loitbrx dcveloptiicru of the vari- 
ouft rmhrj'onic tissuia followa the 
general chordatc phm. 

Ill reptiles and birds^ a cre* 
M-etnic fold of tissue for 3 n?i on one 
side at the edge of die disc of 
lil;i 5 lotticr«^ sending cells mi dec- 
Heath I>et\vcen the yolk and the 
disc (Fig- 124 )^*^rhc prnlifeTatioti 
fif cells, hccotning most marked 



Ftg- I2S, Surfarc vievf af a rJikk mdiryn €d 
aWui 10 htstirir fotriiitkm n( meso^ 

derm fmTn die priiuklkT jJrrjiL [jir 

ji^wi iiiUi£L 3 te dinfirtinn of growlb) iiid (or* 
wsril growth nf die iiowrbutd from a poinl 
near the oiilrrirTT md of the ittriik. {AHtt 
ISitioi. 


in the miti-part of the soon becomes r\'idctit in the tlisc cells In a 
narrow line extending forward from the edge lowartl the center of the disc 
until there is a longituiiiiial streak of cells, pn'mjtrr;# ftnsak. in what is roally 
the posterior part of the now elongaUtig disc ( Figs. 125 and 126). Helb 
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arising in gr^i numbers from iJic primitive streak are added to thojtc 
derived from Uic infolding to form an ei^dodermtit tay^ between the yolk 
and tho«t disc celU which rnnaiu on the surface as che The space 

f>ciwecn cfidixicnn and y<jlk Is a greatly mndified archenteronp ihe ilnor ol 
which b tic nun-cell ular yulknuiss. 
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The De<^'eIofment of the Indhtduaf 

Fnrtlicr cell prtilirrmiinti fnim the pnrnilivc slreitk region elves rise tr 
three parts; an iinpairccl crord of ceils, die notorhonif, exteading forward 
frrini Uie streak; paired sheets of mesoderm^ growing btcrally from thr 
erf calf and spreading forward alotignUc die tiotoehord* AtcaiiwJiilc the 
cciodenn above the notochord, in front nf the strcalt, is foroning the neutttl 
plate and folds whitih develop bio the central nervoua sy-sicm as b most 
chordntes (Fig. 127). 

In this manner the originnl patch uf hlasiomcres on top of the big yolk 
mas liavc given riio to the nervous system, witotihord, and the three germ 
layers. The fflts on ilic outsitk have bccooic the ectoderm, those utidcr- 
nealli next to the yolk, the endndertn, while the mesodermal cells arc pro- 

lirtwcifn tlicm. ^ITieisfi plonetr 

tells iiiii ihdj: dc5CrniljTiLj( then set out 
to spread ov^rr and enwrap the entire 
ytblk- A.f thcAc layers spread Out tlie meso- 
dr mi difTcrenlintcs into cpLrncrej meso 
mere, and hy'pntncrtrj. while mcswichymt 
relU appear and oi^anize various pans 
IQ die ^mc general m&niJcr dc^xibed lor 
mnst t:hnnlati*i. 

Ivveiiiually die embryonic tissues 
grriw cnLlrely aroimd and enclose the 
yolk in a yvlk sut:, as in a b^g (Fig* 

12S]v At the same time ihe embryo 
proper becomes raised up and separated 
fmm the yolk cxcr|it for a. ftlcndcr 
yolk stalk, through which the ca%’ity of 
I he gul is eontinuous wnth ihat of the sac. Despite tliis coniinmtyv the ininsfrr 
nf tnjtritjvt materkl from the sac io the laiibryo is apparently entirely 
through btoad vess^b w hich spread over the yolk lac w ith the atb 

vancmg embryonic layejs. 

Once the ihree primary germ layers become fatahllsltedj as desenhed 
above, the further development of a rcpdlc or bind folkrws the gencfal 
chrirdate plan. 

EARLY DEVELOPMENT OF MAMMALS 

Tlie mammaiian egg due:^ not behave m segmentation like amphioxos* 
which it rwcaiihles in its mal EuppJt of yolk. Ute rraaem for the diJierrace 
in det^ebpment is probabh that ftiamTnab Itavc inherited deveiupmctital 



Fig, 12B» TliiTe ftagH le the privdetift 
of cavehplng ilic ynlk by etiibiyT^eic 
blood vciw’li (vilflljiii’: iiriefia and 
veim}- Aricr vtin 1 jcnlumek.) 
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tr^cHtbns fnrm a series <af ancePitnrs which amphioxos never had. Tn mam* 
ttialiaji cleavage the entire egg is equally tlividcd into blaatomcres hut w'ith* 
out tlic regularity diaractrristic of amphicixiis, so that, instead of a hoilcm^ 
hlastiila, an irregular solid mass of ccJlf* b funned. 

Later the outer bla^omcirs of the germinal mass make a somewhat dis¬ 
tinctive laycr^ enckfeing spherical ccniral cells (Figs. i29 and I30)< 

Fluid collects within this mass and 
a hollow sphere resnits. The outer 
envdoping layer of cells, the tropho- 
bltisi^ comes into ultimate contact 
with the inner wall of ^he uterus at 
the point where the developing rm- 
hryn is implanted. Within the sphere 
is an eccentrically located inner cett musi^ which is destined 10 give rise 
tu all the cells that arc to take part directly in the formation of the 
cmbr\'o* 



Hg. 121?. Scagics In the segmentatiDn of 
the «tf a ndrliit. {nMter v;iii Berii^deti-j 



OuIh 


Inner 


Fig. 130, FnrmcidQn of ixtaphohlasi and 
mcnl Cif a Tnammal. (.^fcer Keilh.) 



Inner cell mass in the develop- 


Snmc of the celb of the eccentric inner ccU maFs migrate and spread 
out iQ form a layer* Lite rndadeTm^ lining the flu id-filled cavity (Fig. 131 
TTiis cavity now corresponds to the combined arckenteron and cavity of the 
yoM jBf* tally here ihr fmiirc space b filled with finid* whik in reptiles and 
bircU there is a firnaH liquid-filled ardientcrou and a large yolk^fiUcd sac^ 
The rcmainiiig cells of the inner mass, now the ecfotlermj next s^pread out 
intifi a flat “embryonic plittc" which etnrespends to the etitodermal disc ctf 
the reptile or bird. 'Ffir portinn of the cndodermal layer which is iminc- 
diatdy beneath the "plate^^ bdongs to iiic embrsD proper^ while the rest oI 
this inner layer reprcseiiL^ ihe yolk i^acL Thus the parts present ai this time 
may be homologi/ed with those of the gastrula of a bird or reptile. Fiirtber 
developmcjit o| the mammalian embryo folioin niany way?f, die ini'- 
cesiral paircm nit out for it by the rcptilR, induding the appearame of 
a primilii'/T streaky in the embryonic plate,, from which cells grow out to 
produce nctochord and mererferm iFig- 132) + 
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Extra-fill bryonic 
Endoderm 


Ectoderfn 


Embryoa^ 


EriciodHTii 


Embryonk 

EndocT^nri' 


Tmpliabkiil 


fig, ni, EstablUhincnl of miJodwni and cdJDdcnti b m&nmialiaTi 
drvelopment. In *■ cnibryoiitc and exim-cmbryanlc portiwi* of ihc 
cndtuleHn have arisen imm the imier cell nijut. In b the ectaderni^ Kai 
broten ihmuBh ihe imphoblaH aiid Wgtm ti> jiutpiI nut jn a )ny« joinrd 
perlpltcrally m tijc utiphoblniL (After Patln:! and IWdL^ 




GtoovboI Primilfve Shook 


MHodamt 


Fi(f, 132. The ‘Vjnbiyonir filatr,*’ or ^nblrid," of ji rahbii of about 172 
hoiiiR A, I«ij™i at level oF 

'Fmiti Neal and R:uid, Cor^paTOih’t Anatomy, rflp>TiKh( >330, ny 
mtHbtn of aiakijiiiMi’s Son and Clortipany, puhUihenL After AuJieton,) 





jy5 Biologjf of the Verti^braies 

From tJiesc few brief stattmcnts concemioj^ ihc early sieges m the de^ 
velopment of \’ariou5 vcflebraies it is dear that gastrLilalinn aiid tlie fonna-^ 
tion of mesodenn mid TJcitochcird vary considerably attiong the se\^erai vene* 
brate ebutseav It should be emphaszed^ hutvever^ that once the three primary 
gcim laym become e^blLihcd they give rise to the pruidpal organ systems 
with great uaiforniit» as shown lu Figure 118, 


VI. THK mjOR CAMTIES 

A coelomic ca\ity usually develops on each side of the body in the 
mannrr wc liave described, by the splitting of die mcsodemml shecL Hence 
it h a sckizacorle split)* In amphioxus, hnw'ever^ the antcrioimnsl 

mesoderm arises as a series of oulpockctings* or ponchcsi from the darto- 


Nevrot Gfwv« 



133, FoniiBllon d niewlernul pnuiriua iti amphkixtu, (After VViJili^r.} 

blend regions of the archenteron (Fig. 133). After the mesodermal pouches 
separate from the archcnicron the cavities of all tho^ on fUich side mf the 
hudy combine to fotm a conlinuuns coelom, iisiifilty known as an rijfirrrj- 
because of its origiii from the arcbenlenin. Thte method of mcsodeitn 
formation docs not occur in the vertebraviflth the probable exception of 
jMimr ampliibm^ IkJt U typical of hemickirds iiiid echinederma, ^rhi» fanna- 
lion of cntcTococles in echinocterms and some chordates as wdl as the 
tenor posttinn of tlic blast opoie in edrinodextus and all chordates indicates 
that tlicse twn phyta may be dcHcly related. 

Mesenteries and other piirts of the mesoderm arise in mucli the same 
mannei whatriTr the mcdiod of fortnalltm of thdr germ layer may br^ tn 
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The Ttevelopmeiit of the ludh'lditid 

either case the paiitii cocloinic cavitiej, cottlined mainly to die bypomcidc 
rcgioUf unite into a single fsivity tipcm the ilisappearancc of rntwi of the 
ventral mtsentery. In birds and mammals the embryonic codomit cavity 
Incomes divided into three dilTcrent sorts of spaces, namely : the perkardial 
cavity enclosing the heart, die two ftieurttl catriiies sumjiuitling the lungs 
iiud the pcntoneal cavity housing chiefly the major part of iht digestive 
tract and the urogctiital organs f ^ig- 134). 
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Fig. 154* Diflgnim ^mwm^ rtlaiionii <if the ^dcIotoc (a)* 

in fiilies; (h), in am^jhibiam snd reptiln; (cj, in iruiminals. (After 
KingJey.) 


As the first evolutionary stqj m lower vertebrates, ihe coelom bccnm» 
divided bv a double transverse mesodermal wall, the frairmerre into 

;i Kiuail antciiur )l»enVrrri/iH/ cuvity and a large poslciior pcritonciA or fii>- 
dominal cavity. !n Ftimc fishes i c,g. .S’^fnjftu) diis upturn b not quite com¬ 
plete, ao that a communication between the two casiiira persists thnmghinui 
life in the form of tire so-called pgricardio^peritoiicd catml lying alcnig the 
ventral side of the esophagus. 

Widi the appeanaxec of lungs, which grow back into the anterior part 
rjf the abdominal cavity, the name jdeitrupeTittfneid emyify rs iGone properl-, 
applied to this region of ampliibia and reptUts. Usually the two lungs arc 
in moitt or less itrdividual forward extensitirm of the main cavity. In most 
of dirsc animals the heart shifts poeternoriy to lie ventral to the antcitor 
pan of the abdominal cavity, with the testili that the vctural part of the 
transvenre septum b pushed posteriorly while the dorsal parr keeps its more 
aUlcriDr ^ttf arhm pjlL 
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1q birds and mammals a nciv partJiinn dcvdojiSj extending from the 
ventral part of the iratifivieTM; scpUim to the dorsal body wall. Although 
mitmbrartous in birds, it is invaded by myotomk muscle tissuv in itmmmals 
to bexome Lbe nittjru^^r ditiffhTagrii, In mammals the cavity anterior to this 
ticu partition is fcno\^n as the t ho facie eavityf while the one posterior to it 
becomes once more the peritoned cavity^ fur the lungs jue no longrr in- 
I'lntled here. The ihomcJc easily contains a peTicafdial cavity, venimlly in 
the center, and two pteurd caL-itiet, one on each aide, lateral and donai to 
the heart. 
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Fig. 13x Di3g™nfn!iTlf ^ecEicni tliroujErh a viTtdbralc. (After Kinney,) 


In cnraieetioit with this discussiim it dmiild lie borne in mind that no 
orimns arc actually in the coelmn but all, instead, am in the segmentation 
cavity. An organ may push into the roclom but it always carries ahead of it 
a fold uf the ficritoneal wail [Fig. liSj. 


\*U. ClRCANJ 2 .\TlON CLYHERS 

Uh^ an egg b fenilizcd ihc entering sperm b something added to it 
from without, starting a serifs of {atYtnd changes that finallv result in the 
adult body. Other unuide agimts, like a pin-prick or cemtacl with ccrtiiiti 
rhrmirab, may al.*®, m ccrtaiti ctu^s. start up the cleavage of an egg as If it 
had been fertilized by a srpemi, If the sequence of internal events U inler- 
nipteil. nr fails to occur in the nirk of time, tlie whole siibseqnenl proce¬ 
dure IS upset. ^SiTiat is the internal mechanism that legulates this marvclnw; 
performance, once h b initiated? 






Tfie development of the Individml 179 

It has been discovered iliAi it is possible to tranFplaiii n bit of one em¬ 
bryo to an untiatiiral position in another cmtaryoi and that the transplant 
tarries oot its anginal structural Traditian even in the unnatura] surround¬ 
ings of iia host's body. For csample, iht: eroibr^onic bud of a tadpole 
destined normally to grow into a leg, when trauspianted to LJir back of 
another ladpok* will sitiU carr)' out its original design and form a leg^ even 
in fio bimrre a loeaiioji. 

If one blastomcre of a fTog"s egg^ when it Is in die tw^o-cell stage of 
cleavage^ is killed by eitahbing the tiudeus w'ilh a hot ntTdle, thr Either 
blaJitotDexe will carry: on and develop a kemi-embry^; which may eventually 
™iore the mb^ing half embry'o and complete the pattern ol the endre 
embryo {Fig, 136 )p 



Fig. 136. Experlmciiul Tiemi-embryos frcjin fmg^s ^ early siage; 

a, 4 tadpeik with U* rnrudng hntF partly re^itufedi e^ nf n, 

tjnt-ncKordjs. ' After VV.ilin,} 


The ability to perform such a recov ery or to ilevcbip an nrj^an from ao 
cxtiipatcd embryonic bud lasts for only a critical brief period. Once this 
lime Is pasti if the sequence of norma] events is rntcmiptrd, the iiitrmal 
mecbiini$ni unablr to carr)' out ihc original j^tructuraJ design. The par- 
litidar reginn of m. developing organwim that possesses this mofflgad power uf 
cUrttiiing uitertial ofKrniiinnfi Ls called an afgunizdiion €enter^ 

One of the earlii^i ■orgariizadoti centcra is around the dorsal lip of the 
blastopore w^ierc the mcsc^derm is organizecL This prurnary center is sue- 
ecc^ted b> odier form adve rente sceondary, teftiaryt and so oni cadi iif 
which is dependent upon the successful operation of preceding ccniers, 'TTte 
disctivrry of jtueh formative centers by Spemann, Harrison, aud others 
through experiments upon developing embryos* b 11 promising beginning 
tovs ards solving the problem of why the arcliitcciural pbm of a prciciibr 
Species b earned out successful]y in the iiinumeralde iridividunU whkh grow 
to maturity. 
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iSo 

\TIL SOMA AND TIIE GEILM-LLNE 

In the long scries of mitofio ih^t follow the initial fertilized there 
roTTiPi h 1 time when the two daughter ceils resulting from ^inc particular 
cell diviiaun arc nr? longer ideniical iu their dJiTerentiation- They 

inav Atill iiave thr some kind of ehromr^^mal equipment as the result of a 
prceedijig nutos^s, ajid may be indistiiiguishitblc in appearance, hut, aif their 
future behavior ^10 they have cctme to- a fundamentaJ parti tig of the 
vvays^ for une of die pair goes on as one of die ancestors af all the myriad 
cells that tliflcrcndate Into various tissues and organs to fomt die growing 
ittdivichnil while the other becomes die ancestor of all eggs or 

sperm and so is charged with the necessary business of repro* 

ducing the species. 



Kig. rS 7 . Diai^nt ti» ihow Iurwr t]%t coiitkmoi» gmo-lluc gives rise lo 
surcirMivf wnnai, ur ladividiud*. 

rherc ate pronounced diflcrences in these tw'o streanis of difTcrcntiatiriG^ 
relU. The aoma becomes the coiL^picuous thing w'hich ts known as the 
animai or plain body^ and is biologically the guardian of the inconspicuous 
and lesA rjornmcmly know'ti germ-line. ITie ^ma is mortal, for after a time 
it inevitably breaks down and dies either a natural or a Violent death. The 
cells of I he germ-iinc^ o n the odier hand, aldiough tliey may {xirish with 
dir dring Aoma. are f^ottfUisUy Immefint, jfiince they form the only biohgioii 
hridge in vertebrate animals acriHs which the spark of life may be borne 
from one gencradim to another. 

It is quite posMblr to go backward ia imagination step by step without 
a break in die life-line of lining cetb, from any pardcixiar individtial cell of 
an adult organism to the fertilised egg from which it came, iinti lu sec how 
the material in that fertiliTied egg was in iitm a part of the tmbrokeo scries 
of cells of thr grrm-line that were housed in ptcceding generations of semas, 
and 60 on to die \'cry remotest ancestral fource. 


Tile Devciofunent of th£ Individutil iSi 

The SQitia w'hhia limits can maintab and repair itself. The germ-line 
can not only do that but it can also give rise to nc%v annas (Fig. 137)* This 
is its mission, to reproduce new mdivitiual orgamans, while it is die businm 
(jf die soma, or dm individual body, to nourish, protect, irtUisporc, and unite 
gerni-lincs< Otherwise inevitable death ends all. 


IX. THE SUCCESSION OF CiiNEIL\TIONS 

The science that deals with the germ-line is The reacmblaiicc 

everj'whcre so appaienl between individuals of succcfniw generations of a 
species has its explanation in ihe fact that botli parent and affspriug are 
somatic expressions of the same germ-rmc. That is why “pigs U pi^" onti 
chickens hatch out of hcii’^ ^ht laws of hcrcdiry are fundamentally 
concerned, therefore, with the behaviiw of the gcnn-line and hs expression 
in the soma. 

There are various ways to get at the matter. In the past the approach 
to die problems of heredity has been made usually by comparing point? of 
likeness and difTerence in indi viduals of succeeding generations of a species. 
Thissomadc method i* facilitated by the experimental breeding of plants and 
animals. During tbc Ufit forty ycais great advance has been made in such 
breeding by resort to the fundamentaS principles known as “Menddism.” 

Another line of approach is the direct study of the. germ-line, which has 
given ffee to an increaring array of bioUigtca] spociahsts, who are concerned 
with die intimate behavior of hereditary units, or grner, located in chratno- 
somrs, particularly tliose of the germ cdb. 

To these invfsiigators we art indebted for an expanding body of knowl¬ 
edge about spermalffgpneds and oSgenedi in animab and plants, as well 
as for the facts and laws which cancem gcrmplasinal origuis. 



CHAPTER IX 


Biological Discords—Pathology 


1. THE POINT OF VIRV 

One of the chief cDuctms nat only of medical practice and surgrry but 
of dahy life aa well, is the repair of biological machinery that has gone 
wrong. Although the human machine, unlike any man-made device, has 
the iTiar\'etous abUiLy to adjust the iutcraetion of its parts and to take care 
of rtmtinc repatra without outside aid, there is one obvioua diHerenee 
between the biological and the mcchaiiical apparatus. In the case of the 
human tnaehinc extra parts to replace thoec wcutj or injuietl, Lf false teeth 
and wooden legs arc excepted, arc not procurable. 

Much of the success in medical practice depends upon the resttiralive 
power irtlicrrnt in the patient Without outside assistance, or even in spile of 
outside interference. 

From time immemorial “medicine men" and quacks, with vendors of 
cure-alls and patent medicines, have llirtvcd upon the ignorance, credulity, 
and fears of their victims, but Lhere is another more reassuring side to the 
picture. From Hippocrates and rlisculaptus down there have arisen medi- 
elnc men of a diflerent stripe who have utiielfishly sought the truth about 
the whence and tvAy of bodily ilk, to the great advantage of mankind. 

The sdetitiiic study of tlie cautes underlying biological disharmOTiie&, or 
disease, is the Gidd of Aetioiogy, of cutnparativdy recent origin. To succeed 
in such invcxtigatioits it k njccesaary to know what it b that has gnne wrong, 
.ind this k the eonrern of Pathohgy which forms the bask of every system 
of medictne worthy of eemsideratiun. 

PatholiJgy, or the study of the atini>Tmal, goes hand in hamJ with 
Physiology, the srience that deals with the nermal activities of OTganisms. 
To umkfstand the ahnomud it is iniikprnsahle to first know' (he nurmal, 
Both physiology and p.itholtjgy in turn depend tipun a knowledge of 
Morphology, or the science of form and slntciure. since nomml as well as 
ahnonnal futictiDn is referable to a Etruclimil bask. 


BiobgtckiJ Dmords 

IL DKVIAIIONS FROM THE NORNLAL 



The ‘nionnal'* b the prcvailhig type. If hoiise cats with few esccpticim 
were of the tailless Manx variety, a cat with a tail would appear ahnormali 
just as the imusiml cotnditiDii of sbi-fingcTedticSi in tnaii is regarded as 
abnormal simply bccaiisc mcKit people have aoly five digits on each hand. 

Deviatlorw froni tlie normal frequendy turn out to be a handicap to 
iheir pcesessors. The very fact that normality ts tn\\y another way of saying 
that success in some partic^ilitr has been gained by a majority of individuak, 
implies that variadons from the standard have been sture^sfuL 

Deviations^ however, are not alwa)';& Linlormnate. LcfthandedjicS£« for 
example, b exceptional hut h b not necessarily a handicap. Deviations from 
the Durmal that do handicap the possessor may take the form of deformities^ 
misplacements, or dLsturljantcs, external as well as Internal, that work ill 
to the otgankm. IHseas£, which is the particular province of pathology^ may 
be broadly defined as tmj departure from the normal standard of structure 
Of fun^ijon of a ihsu^ of organ. 

‘rhert jure at least three elcmciitary activities of organbms, namclyp (1) 
formative, that lesult in iht gmwih and oitahlbhmmt of siruriural parts; 

(2) metabo!iCi having to do with die rmlntenauce of the organism; and 

(3) tesponsio€f w^hich coneem the interplay between ihc organism and the 
stimuli affecting it* Under norma! conditions there is an optimum relatiLni 
in each of tliese tlircc lines of activity^ An injury or disease may upset [hie 
optimum balance of hcallh and wtU- bring and cause either a cessation of 
these 3rtmdi:!f (death or a quantitative or qualitative fnodification of one 
or ail of them. 


IIL DISF^E 

For centurra man's greatest obstacle tn advancement has been disease. 
It has turned back armies and caused the downfrdl of empires. 

In 171*2 the battalimts of Prussia were halted in their attack upon the 
French revolutionaTy farces by an epidemic of dysentery. Dbcase dedmalcd 
NapoIeon^s horde of 5fK)tO(X> soMierSj, reducing their number to 3000 atut- 
vivors during liis mimih on Moscow* ft was disease that reduced the cru¬ 
saders from 300,000 to 20,000 in three years around 1 HXl A^n., w hile Haiti 
was lost to France in 1B03 because yellow fcvicr kUkd aU but 3000 of the 
25,0IK) ^Idiers sen t by Napilcon to subdue ibe natived. 

Tlic conitrtiction of the Fanjima Canal was piWenied until Amcrncaii 
cngineeis destroyed the breeding grounds of rhe mosquito that tran.«mits 
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yellnrtiv fr\-er. Smitllpo?! killed more than 60i000,000 people in Europe 
during Lhc I&tli ceutury and maiTned many othent, in Mexico, where this 
scourge was introduced by die Spjuiiah, 3,000,01X1 Indians succumbed to it, 
so that die (Lurqucflit of Mexico by Conez was due to disease rather than 
anus- Records show Uwt at the time of the Firet World War more lluui 
150,000 soldiers and prlsntiers died of typluis frver during the first six 
months. In 166+. bubonic plague claimed 2+.C0D out of a population of 
200,000 in Amsterdam alone. 

The spectacular sttiustio of epidemics are hardly more appall in g than 
the daily occurrence of prm niable deaths and disabllida, happening on all 
sides nf ua, to which we have become accusttuncdi Future generations 
slKiuld be educated id appretiare the valiant attack of jiatJiologists who seek 
to lessen these disasters and to alleviate human sufTering and to fomtall 
the sacrifice of IIvcb. 

IV. DISTLTRB;VNCES I'H.AT WORK ILL 
1, Internal DUriurbatices 

rtisturhances that work td to an organism by upsetting the optimunn 
balance may lie internal or external in their origin, although It is not always 
easy In rletcrmrne to wljjch of the two categories a particular c-ase belongs. 
Although an outline analysis might lie carried to much greater len||th. 
only four kinds of probalile internal disturbance are here mentioned, 
namely, (1) formative disturbances; (2] mcchauicnl interfcrnlcrs; (3) 
responsive maJadjustments; and (4) heraditan' handicaps, 

(u) Formative Disturbances.—When the complicated activities of 
growth and difIcnmtiatioH, to which attention was called in Cliapter VIII, 
are passed iii review, one wunden that so lew structural mistakca or acci- 
clrnts actually occur. 

The successful outcome of all embryonic devrlopmenl depends con¬ 
st anil v upon Lhc precise tuning and infallible performance of each step, 
brcause every thangr and advance is vondjlioncd upon W'hat precedes and 
.vLUTUunds it, In the orchestra of developing parts a group nf eelb or on 
organ that is out of rhytJun, like a lilunderiTig ketllt-dniTTuner, mav throw 
all the other performent into confusion stud change a symphony into discord- 
The mnlfnrmatitina and disharmonies which result from disharmony in 
growth arid difTcrcntiatlon ore trimcd Ift/iia, and the .smnljcr science con* 
cemed with such mnrpholoieiciil misfits is called Teoitology. 

Temta may involve the entire Individual, as m the case of "Siamese 
twins * of vannus kinds, or alTect only parts of individual'' or organs, as in 
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sufh deformities as dub fciot» deft palaiCj or hiindibucL Other abnnrmal- 
ities may be simply groups of cells, lifee tuTnars. that have somdiow lost step 
with the luivandn^ host of coritiatiiig parts, and so falleti into disharmony. 
Tumors of this nature are UDCoordiixaicd members of the edlular stale, and 
are termed or malign, according to the degree and manner in which 

they encroach upon or iujiire surrounding tissues. Maiigu tumorR, like 
“cam;ers,” constitute one of the most tlisastriius dishannGnic& to which 
mankin d is subject. Much Study and exhaiJSti\'c research is being diiTCtrd 
towards Uic undcrstatlding and control of these iroublesomc formative 
disturbances. 

Under the heading of formative disturbances there should also be 
included modificaiions in grow tin, which are evidently associated with some¬ 
thing wrong in the hckiivior of certain regulatory eiidocrinr glands, as for 
fuampte, dwttrftsm and jijiflnfcfnl. 

ftj Mechanical fmcrfcrences.—Oljrtructional disturbances in the nutri¬ 
tional mechanism or the excretory apparatus may also work ill to an urgan- 
ism, The circulatory system, for example, through which die individual 
needs of the celUiLar stnicturra are supplied, may suITer from local obstruc¬ 
tions, blood deficiency, or interference with nerve supply, ^^'bcii for any 
considerable time a part of the body is deprived of blood by hemorrhage, 
or by such local obstructions a* may result from congestion, pressure, 
wounds, or blood cbis, a nutritive unbalance teaults, if the siege is not raised 
eventually, local stanalion, and death of the isolated tLssues is the nutcomt, 
or, follrming exposure to ubiquitous putrefactive urganknis, gangrene may 
set in with serious consequences to [he neighboring living tissues. If then: is 
protectioD from such foreign invaxiun, and the dead tissues are not too 
extensive, they finally become alistirlied or arc Bloughcd off, and normal 
conditions are restored. 

Itlterruptlons of the stlniulativT serv-ico from the nerve supply, by 
paralysis, shock, or any other interference, are also the immediate cause of a 
myriad of nutritional woes. 

Responsive Maladjustincnts,—By responsive maJadjustmmts are 
meant such functional dlsturbancri as follow In the wake of internal dis* 
harmonies of one kind or another that interfere with phydral fjcrlormancr. 
Hie response to overwnrk. for example, may catew an increase in the 
number of llie compontiU cells Itl an organ and result in hyj>rrirt>pk\\ or 
excessive growth. If this response b called forth to meet a normal physuj- 
logical emergency, as in the hvpcrtrophy of the mammiify glands during 
lactation, or of the iitenis in pregnanev, then it U normal and lies outride 
the field of paiholDgy. but if it works ill to iuv hypertrophv of 
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the bean valves or the walk of the so-calkd '"athlete’s heart/" then it 
becomes paihologicaL 

Airophy^ eidicr degefirraiinii or arrest ol growth^ is an Inslante of nutri¬ 
tive disturlmiee that causes Irregubrity in the responsive activities. It 
usually follows a cessation of function, il-^ whm the optic nerve atrophies 
after the Joss of an eye, or when a paralysed kg or arm wastes away. 

(d) HirediUry^ Handieaps.—r>e\iations from the normal that lead to 
dkease may be of tw'o kinds, rirst^ tlicy may be a^^quir^d in a great variety 
tuf way^ during the lifetime of the individual j or second, they may be 
germinal^ that is, inherited from ancestral streams of germplasm. BHiidness, 
for example* may be acquimd by accident any time before or after birth, 
or it ttuiy be gcrtninalp as hi the case of certahi lypis of ""congenital” 
cataract that “run in the family” and are inborn. 

In the miscclbncoiiK colJccdon of (jcrminal heirlooms that cemstitute 
our heritage there arc btiund to be some thiiig^ that we wc did not 
have. Every person m this imperfect worJd lias at least one such hereditary 
"skeleton in the closet^' Frtqucntly die skeleton cannot be supprcsicd and 
kept concealed In a cSofiet* but must be painfully carried about In plain 
Eija:ht, like the burden on the back of Banyan’s immortal pilgrim. 

Diseases as such, particubrly bacterid diseases, do nol cm^ over the 
lenuuiw hridge of germ cells that connects one generation biologically with 
another. C^nsiitutiorts and tendendeSj however, that hisure the eventual 
sequence of disease^ are a part of the hcTrdJlary equipment of evervone. 

The phiJfwophy of the comparative anaiomist and the pathologist con- 
sisls in recagrikmg the fact that the moat successful life does not depend upon 
anatomical and phy'siological perfcctiou, but in making die bat of imperfcc- 
tionA, 

2* External Disturbances 

Many of the causes of disturhance that pul The “pathos" iritn patholoj^y 
havx their origin outside nf the Individual m the form of various environ¬ 
mental factors, of which tho^ described as (1) thermal: (2) cheinJcal; 
(3) S^ammetric; (4) tnechankaJ; and (5) hiolngicali arc representatnx* 
(n) Thrrmal Factois, Extreme vamtioets from the normal limits of 
temperature to tvhich an organism has iiecnmc adapted m^y pRi-uii in 
thermal di-nurbancra that work ill. Here belong the chsastrouf? effects of 
scalds, bumsp and sunstrokes at one extreme, and frostbite and freeing at 
the other. The harm done in these dUtiirhances may take the form uf 
nrn-wis shock, hcmcnrhagci or ntrrrash of the part involved, with sub¬ 
sequent in^Tision and mfcction by destructive bacteria. 
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ib) Cibemical Factors- Injurious chctiiical contacts, as m tbc case of 
ptomaines and various poisons intrtiduced into the digestive tube and thr 
blood, cause a variety of troubles, Painloa and kad-vtorkers Frequently 
suffer from lead poLsoninj^. The consequences of liandliiig plnaphorus or 
other deleterious thcmieaL suhstiinces arc also particularly unfortunate for 
those who are coiniuually engaged in their use. 

(t) Uaromeiric Factors. Decp*sca divera, mnuntam dinibcis, and avia¬ 
tors, v^'ho depart from the barometric environment to whii-h they arc 
noimaliy atlinied, hartssl a crop of palholngiciil protests a? a result. Men in 
tieep ndiies, or those engaged in tunnel ronsirtiction whti are fotred to work 
for hours undta- abnormal aimosphiiric pressure, may acquire “caisson dis¬ 
ease/' which manifests itsdf in paralysas of the legs, profuse Weeding from 
Lhcr nose, cars, and mouth, or even in aixiplexy. 

{d] Mechanical Factors. OuLside niechanical agencies may bring about 
sudden injuries of varying degrees of scriousutsa from mere scratclies to 
extensive wounds lliat include the destruction of so tnucJi of the iKidy as to 
imperil life itself. Tlie power to repair such damage varies greatly in young 
and old. Comparatively undificrentiated tissues exhibit greater recuperative 
power than tflose that have attained cotisiderablc differentiation. The 
respoiific of tlie body in repairiug wounds, involving as it docs the behavior 
of the cellular unitH concenied, is of piirtirular Lntenst to the pathologist. 

Sometimes mechnnical factors instead of resulting in sudden woimiis, 
may take the form of irritants that work more slowly and insidiously. Cjmcct 
of the lip- for iuiitanre, is said to be more frequent m tlie case of pipe- 
smokcis, who have subjected themselves for a coiniiderablc time to local 
mechanical irritatioa of a pipestem, ihati among non-smokers. 

Many occupations that involve inhaling irritating dust partieles. like 
handling coal, threshing grain, cutting stone, and polishing metaJa with 
abrasives, induce manifestation of diseases as a consequence of mechanical 
iiTitatit& acting upon tlie rcsplraiory siirfacc.1- 

ie) Biological Factors, Thera are three gcncml kinds of parg.vtes thal 
niav attack otlier orgaliisins and upset their normal course of living. They' 
are (1) pathogenic bacteria ‘ (2) pathogenic protoreians: and C3) a hetero- 
gencciTis group of larger parasites, including certaju woimfi, ittsccts, fungi, 
and other haraissing forrns that prey upon ihetr bettcra, 

Pathogenic hacteria are mlcroecopir plante that cause such daeascs as 
tuberculosis, cholera, tetanus, anthrax, and typhoid fever. The harm they do 
is usually the result of toxinj. of poisons, which they set free in the lisstiex 
of their hosts during the course of their own meUboUc processes, or when 
they die, They-may, however, by sheer force of mirnljeis resulting from their 
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prodif^oii^ powcra of muliiplu aticjo, ckher plug up the capillaries in wliich 
they swarm $o that the ortuLitjau of bluod is impeded or prevented, as in 
aijtJiraiiL, or they may induce the lormadon of a huilky mast that acts as a 
siranglmg gag upon their victim, jn diphtheriit, or "^menibranous croup” 
as it foonerly called. 

Beghmitig %¥ith Pasteur and Lister widtin dje memory of people now 
living, the science of which has lo do with these minute foes 

of mankind, lias so increased in importance and achiev'ement that U has 
become indispensable in all modern medirh'tr and stu^ery* WithotiL donfit 
the future will see still grcaier irlnmphs and conquests iri this fertile field of 
human endeavor. 

The sriente of Fr^io2£>Btogy, witli its wide application in the control of 
diseases induced by pathogenic onc-cellcd animak, has laggctl soincwhat 
behintl dw twin sc knee of barterioluigy\ partly Ijceaiisc the techr^ic involved 
in obtaining pure cultures of orf^amsms for ate urate rxpcrimmtadon h 
morr dilficult. iScverthcless mtich !ias been learned already ^d jijncaier 
discoveries and succcssk^ m diLs field surely awiiil the investigator jnsl 
arcnind the comer* 

Many diseases ore cronriccted with pit^to/oati parasites wdikh infest 
dir blfXHl of didr hosts^ particularly in the tropics^ such as malaria and 
African sleeping skkncssp whiJe the troubles follpwitig Sn the imio of amDcblr 
dy^lefy arc on example of the consequences caused by prott^zoan high- 
wflVTOcii that infest die digestive tnirt, 

PaTOiitot&gy in general^ ol which the Uourahirig yoimg sciences Ckf 
bacteriology and palhogrnic prxitoz£)diogv have sprung, is now tistially asso^ 
stated with larger parasites, Hkt tapcwoimx, Flukes, hookworms, and other 
wormfl^ dint cake up their domicile in the bodies of their hosts^ or such 
external viaitoTs ax ticks, Ike and lleas^ w!iich Mark Twain said keep a dog 
from '^thinking about lititig a dog." 

V, SOLfRCES OF P VTHOLfKilCAL KNOWT^EDGE 

A knoAvledge of the farts of pathologyi that is daily contrilnidng so much 
to the alleviation of abnormal conditions, is gmned principally through 
clinics, itiitopsica, physiologicail and micropoihological rtscarrh^ comparative 
patholoCT* and animal espcrimcnladanp 

include bedside experiences gametl by actual observation of the 
abnormal rcmditkiti* exhibited by the patient. 

Autopsin arc posi*mfirtem examinationx m ortierr to find out what has 
gone wintlg widi the machinery^ of hiologieiil clnckx that have stopped^ 
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MifTol>atkolog\Cid leteardt is directcU Intimate undtrstimd- 

big of tht behavior and apprarattLc uf celluhir units imdier aJinartiial totidi- 
tions, il includes not only Paikologiad Histology, hut aJsij Bachmoiogy and 
Pnihoiogicai ProtozoMogy^ 

CrnnpitTtjlivc Pathology, also with human pathdngy a* an objective, 
gains added facts by the tndirecr method of aptiroaeh ^lrT^ugh other mem' 
hers of the animal kingtlom. Man is Uhj complex a mechBiiLsm to lx; under¬ 
stood at once wilhoul some preliminary acquaintance with simpltr mwha- 
nhniA of animal lift. Moreover, pathology in general is much more than tlie 
science of human ills. It L* a field of study fertile enough to promise rewards 
to the student of pure science whose eyes .art rmt necessarily fiwd upon 
immediate utility to man. 

Animal txpentnentdtion has made posible not only a laiovvledge of the 
facts and principles of patholagyi but ha'i also demed the way for the 
diagnosis and control of the pathological disharmonies that beset mankind. 
Wiilioiit recourse to animal cxpcrimentatitin the triumphs of modem medi- 
cine could never have come about. 

It IS unfortunate that the word ‘‘vivisectioTi" in this romicctiorr has 
Ijccamc surli a bogey, for it lias caused many people to remain uninlormed 
or misinformed about a stry importani Tnatier. The truth is svcIJ stated by 
Dr. \V. Keen in a pamphlet entitled, H'Aat Fftwerhmi Hai Dotu for 
Ilumanily published in 1510, the concluding paragraphs of which arc hero 
quoted: 

"Tlu' alleged atrocities so sividly described in antivivisection literature 
are line Instances of ‘yellow joumitlism,* and the quoiationa from medical 
men are often misleading. Thus, Sir Frederitik Treves, the eminent English 
surgeon. Ss quoted as an opfKJucnt of vivisection in general. Iti spite of a 
denial published seven years ago the quotation still docs frequent duty. I 
know persmally and intimately Horsley, I’erricr, Carrel, ricxiief, CriJc, 
Cushing, and others, and I do not know men who are kinder or mure 
lovable. That \lie.y woidd be guilty of deliberrnte cruelty J would no moro 
ivelieVT than that my own hroihiT woiilil luivi been, 

“Moreover, 1 have seen tlietr experiments, and can vymeh pctwmally 
for the fait that they give to these animals exactly the same earn that I do 
TO a human being. Were it otherwise Qieir experiments would fail and 
iittctly discredit them. Wlienevcr an operation wtmid lie painful, an antnv- 
thetu- HI alway-s given. This is dictated not only by humanity, but hy two 
other V’alid consiilemtions; rust, hmg aJid delicate operations cannot be 
done properly on a atniggling, fighting animal any more than they could 
In’ liemr on a struggling, fighting Ininian bemg, and so again their experi' 
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mmts wiiuld be failures; ami second^ shduld any tiric try an experiment 
wiilKiuL ^ving ether he would soon discover that dugs have teeth and cats 
have claws. 

“Moreover^ it wilt ^iirprifie matty of my readers to learn that of the toiaj 
number of experiments done m one year in England 97 per cent were 
hypadermit; injections and only 3 per cent could be called painful I 

**U anyone will read the report of the recent Briiish Royal Commi^on 
on Vi^isccticm hr would fmd^ aays t4jrd Cmnscn "that there was not a 
h’ingie case of exireme and unnecessary cruelty brought forward by the Anti- 
si visec lion Society which did nut hopelc^y break down under cross 
examined on." 

“In of wiiat I have wrhtcn aho’^e—and many times as much 

Could be added—is it any wonder that I l>elievT it to be a commona 
ficientific^ a moral, and a Chrisitiaii duty to promote experimental research? 
To hinder it. and* $U 11 more: 10 stop Et wnuld be a crime a^aitisL the human 
race itself, aud aiw against aiiimah, whkb have bciicliicd almost as much 
as man from thest; experiments. 

“VVhat do our anuvivfaection friends propose as a substitute? Nothing 
except clinkai—^iliat is, bedside—and pcwt-murlrm observationa. These have 
been in use for two thousand ycoirs and have npt given m rrsuUs to he com¬ 
pared for a mcimtcm; with the results gained by experimental !tseai‘ch in the 
Jail fifty, or even the Last iwTnty'fivc years, 

*Tinally, compare what the friends and foes of research done 

within my own profo^jonai lifetime. The friends of riscarch given us 
antiseptic surgery and Its wonderful results in every' region and organ i^f 
the body; have abolished, or nearly abolished^ lockjaw, blood pobontng» 
eiy'sipclali, hydrophobia^ yctlDw fcvicr; have taught us how' to make malcr- 
idty almost ahEolutely safe; fuiw to reduce the mortnlrty of diphtheria and 
cerebrospinal meningitis to one-fourth and one-thinj of their former death- 
rate* and have saved thousands of the lov^cr animab from their own special 
diseases. 

“What havT the foes of research done for humanity? Held tnceting^j 
called the friends of research many hard names and spread many false and 
misleading: $tatcment3L Not one disease ha» been abolbhed, not one haa had 
its mortsility lessened, not a single human life has been saved b>' anything 
they have done. On the contrary, had they' had their way, puerperal fever 
and other hideoui diseases named above, and many otheriE, would still be 
stalking through the world, sbying young and old, right and left—-and the 
aolivhisrcriQnists w ould riEhtly be charged with this cmel result/^ 
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VI. THE CONTROL OF DISEASE 

In earlier diiys of human ignorariMi disease was regarded as due rn the 
presence of evj] spirits, and cures were supposed (o Ire effected when these 
malign visitors were properly exorcised bry some conjurer or mcdiidnc man. 
Although the conjurer In various irLiises still trades upon superstition and 
ignorance, the modrm controller of diseasr htis come to recognize that all 
methods of healing, almtjst without exception, resolve thtrmscivcs simply mlo 
extenrion* of the natural phenomena of growth ami repair that are inherent 
in liie patient. For nuimple, it has been found that by injecting dead cul* 
lures of the causal agents into pubjccis itilect«i by a pathogenic organism, 
there U produced in the iiody fluids a substance (ppfpnin ) w'hich apparently 
ill fax-orabic tondUioua unilcs with the living caiual palhogeuit bacteria 
and so sensitizes them that they are readily taken up and destroyed by the 
phagosytif cells of the bl<5od. The alllictcd body, therefore, riirer itself w hen¬ 
ever a cure is effreted, iind frequently nearly all that the modem medicine 
man can do is to direct intclJigcntty the efforts of tlic body in its task of 
restoring normal conditions. 

Three general dircctiiins are followed in rnodem attempts to contrtd 
disease, namely, by curative, prexTntive, and creatH'c medicine. 

CvTuiivs mediciJUf, finding itself in a world of disease and disaster, sets 
out to licLil the sick and bind up the wounds of the injurttL It has assumed a 
colossal task and, like the Good Samaritan that it is, has gone about the 
busineffl with noble devotion and increasing success. 

PTevenlive mtnUcitif, on tlie other band, seeks to fm-esuU trouble. Di-v 
cases like smallpox are prevented by vaccinatJnn, while hy means of anti¬ 
toxins the poison of invading germs, like thai in diphtheria, w counter^ 
balanced and rendered innoentms. Protective mtmunity against diseasr is 
thus accomplished by using xacciucs, antitoxins, tipwinins, endocrine extracts, 
and other rcsourcts of the bacteriologist and physiological chemifU 

Crenth/e mediVfiif, which at present is hardly more aian a dream for 
the future, takes a long look ahead and attempts to prewnt the abnormal 
with all its disastrous rhain of consequences, by seeing to it that, so far ns 
possible, only tiie normal are Wm into the world. This is the hopeful field 
of EupeaiVf. which seeks to lc^.n and prev'ciiL dhea.se by providing an 
hereditary equipment that is able to maintain itself iritimphantly h.wTntj- 
tiious in the face of besetting discords, 

AH of these line* of possible betterment mit^t adsanre througli the 
imnttrr 0 / pmkohgy. hciicc the. Importance of this field of bblogy. 
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CHAPTER X 


A Jack of All Trades-The Integument 


1. IN GENERAL 

Iti making a study oi the siruciures of ihc body it fitting to ^gin vitb 
the integimirnt bfCauM, like llif wrappings around a parcel, « js the Gist 
part to be encountered in the examination ol any animal, it k, however, 
much more than a mere wrapping encasang organs within, for it U itself an 
‘'orgati," jnst as definitely as the liver, hraio, or hcan are organs* 

nic vertebrate JmegumcrU cc insists of the skin and its derivatives. Expo«ed 
on its outer surface to the hazards of a varying cstcrnal cnvirotimcnl, on 
its inner face it ahnis intimately upon a closed univenie of organs bathed and 
permeated by blood and lyrtiph. While acting a protetiiw barrier, tht 
integument not only coinpictely envelops the entire outside of the t^y, in¬ 
cluding even tlic surface of the eyebalk, but it also passes over coniinuoualy 
at the ntrse, mouth, anus, urinary and genila! openings into a related envelop¬ 
ing tissue, the murour mtmbTfrne, which lines the intcmal paasige-ways. 
Thus all the organs of the body, otctpl the integument on the outside and 
the mucotis membrane on the innide, are completely shut «ff from the ont- 
sidr world, as if in » closed sac with no direct opening into it. Paradoxical as 
it sounds, food within tlic digeativT uacl is still on the outside of the body 
proper. 

The integument may be considered a compound organ. Mc/Tphtdct^tnUy 
it is rompouiid because it is srtmcturally donbk. Iwing n^c up in all verte¬ 
brates of elndermis and denna, or t’cntfin. EmhtyonicnUy its compound 
rharacicr is indicated by its dalvation from two separate genu laytts, 
namely, the ect^dtrm, from which thr epidermis arises, and the mesodeim, 
from the dermatome of which the derma arisci (Pig. 116)» 

Fifuilly, the mtecumeni is ab=o a very versatile organ, 

since it prdnrms so wide a range of functiotw that it may Ire quite appro¬ 
priately termed a “Jack of all trades." 
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II. USES OF THE IXTEGX^IF.NT 


Biology of the VeTtehrate^ 


Among llie vanoii» uses for i^ llich in different anunals the structure of 
ihr inU'gimicnt is adiipted, arc the folJorwingr (1; protection; (2J reserv'c 
fond storage; fit) heat regulation; (4) sensation; l 5) excretion; (fi) secre¬ 
tion; (7) respinttioii; {8) bcomotiun; {11/ sexual isclcaton; aitd (IQ) 
reproduction. 

1. I'rtilcctiitii 

The skill is uievitably a protective organ. Four aspects of its protective 
fuiiciiun may he meiitioneii. Fiixt. it sbielnds the animal body against 
mtviniJiUtd injuvies that may result from pressure, fiiciion, or blows of 
s'arinus sorts, hike any other wrapper, ilic primary fiuicdon of which is to 
protect the enclosed parts, thr vertebrate iutcgunlcnt is admiiahly adapted 
for thin pvirposT. since topically tl is closely woven in texture, resistant, and 
at the same time so plbble tJiat it tends to ''give'* under mechanical stress 
radier than to rupture or break away. Although many of the individual 
cells that compose it are soft and delicate, for example in the skin stretched 
over the knuckles, they arc cnaihcd only by a bard blow against a solid 
object. 

In addition to I he enveloping skin ittelf, imist animais are equipped with 
protective intcgumcntiiry modifications, such as scales, bony plates, feathers, 
hair, or cushions of fat. which aid in miniiiuzing the effects of blows or 
injurious contact of any kind. 

lnvmcbtntea,such as cnistaceam and moUusfcs, arc conspicuously forti¬ 
fied hy txoskrlclons agaiiut an unfriendly world, while tunjes, armiufiilos, 
alligalors, nod porrupincs arc iintcwonhy instances among vertebrates of 
animals tliat go forth, like armored knights of old, well clad to resist the 
blows and harasameiits of their adversaries. 

SecomI, the integument protects the body egaiHst foreign luhstances. 
Whenever skin Inlretion from any outside source occurs, it Is usually through 
some break, however slight, in the enveloping inicgumeiil. Since the sltiii is 
practically grrmpmof so long as it remtdns whole, the intemal rtudea of the 
l>ody is protected from invrasion through it by foi'deii hnnugrants. 

Cleaning the skin of whatever luidesirable substances may stick to it is 
usually accelerated in the case of crvilhtcd man by the application of soap 
and water. However, in the absence of these aids the human skin auto¬ 
matically cleans itself by surface rcnewitl. Among the unaowped relative? «f 
man the some rcnilt is arcomptkihrrl in a t'ariety of W'avs. Tht production of 
mucus over the skin of certain sltppcrv fishes and amphibian#, for esampk. 
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makes a constantly imen able jacket of slime, which is sloughing ofl tarriea 
foreign acicrciions with it. Tn various other wa>^ also the ouleirncst dead 
laytTi^ of the skin, with such rjiidermal sinwlures as hair and feathers, arc, 
like soiled clothes, pcTiodically citvl ti0. When a snake ’“slteda iti skin,” 
although only the outcmiost pan of the (rpidcmiisi Is involved, it emerges 
bodily clean from the gauzy corneal eticclupe^ which may have become 
besmirched. 

'ITiird, the skin protects the body tissues from excessive tasf of moisturt. 
This i* a very important ruiictbn, since in living tissues water plays a major 
rtilr. Both tcrrotrial and aquatic organisins are equally dependent upon 
water. Tlic protoplasm in every' cell miu:i maintain a certain degree ol 
fluidity, otherwise it dies. The eneloscd universe ul the body instics contains 
a considerable percentage of fluitls. These tLisiics cannot succesdully be 
subjected to unrestrained evaporaiion and still carry on the lift proecses. 
Moreover, water is the basis for all internal irauspoit of materials, as well 
as lielng the great chcmicnl solvent of tlic substancot to be transported. It 
is also the indispensable agency by means of osmtisis for transferring food 
substances and liquid wastes in and out of die dosed body* llicsc prccioiw 
underground waters of the body are TOUserved very largely by mean* of 
the water*prt»f blanket of the integument. Its impervious character serves 
not only to retain the mnisiurc within but als» to keep out an unrcijulatcd 
amount of water in the case of submerged aninmls, such as fishes, w hose 
more drlieute underlying tissues would become water'soaked without such 
pruteetko. 

Fourth, the skin or integument acts as an organ of protection to all 
those animals exhibiting protective eoloraliottt whereby some degree of 
invisibility, and consequent escape from enemies, is recnrtd by close resem¬ 
blance to the suntmndings. Similarly, so-called warning colon, like tbr con¬ 
spicuous black and white markings nf the skunk, w'hich senx as “hands-ttfT’ 
signals from its possrsior, are jntegutocntal mmlificaiiotis, protective in 
fiinclion. Thus “it pays to adv'crttsc,” and it is the iniegiimenl Ihal pro¬ 
vides the most available billboards. 

It » obvioiis too that the poisonous skin glands of toatia, the eluding 
slipprriness of certain >vater anlmak, and the emharrassing annnr and 
spines of sevrral well-known vertebrates, are all intcgutucntal prolcclivi* 
devices against the .ittack of enemies. 

2. Reserve Sturagr of Fond 

In the deeper flijhcutaneons layers of tlic stun reserve food in the form of 
fal is sturrd to be drawn upon, like a savings hank account, tn times of 
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The fat sioted temporarily hi the livfr and in the niu^cie$ h for 
immediate daily use, whereas what is bid dtswn in the siibcutaDeous part 
of the skill may be retained for weeb and months. 

The manner rhe iircgular distributian of Eat in cushions and pads 
forms the basis id those contours in “the outward form and feature'^ that 
have pteajsed the eye of the artist from time immemorial^ while pmviding 
an anatumical Trason lor the familiar phrase, "^beauty k only skin 
deep/' 

In man stored subdcmiaJ fat may constitute as much as tvv'enty per cent 
oJ tile entire weigM of the Ixidy. In whales atid scab it forms an extensive 
blmiket of considerable tliickncss, called blubber, Uiat not ojdy as 

food sturage, but also acts as a non^cotiduLiing retainer td body heat. 

The diaracteristic sexual differences in human body fonn and contour 
are largely dependent upon the distribution and manner of the dermal fal 
uphokLery, 

3 . Regulalion of Heal 

Heat is being c<Jmtantly generated by the OKidation of tissues wJthm the 
animal body. Coming more abundantly fmm soft parts like mu-sdes than 
from hard parts like skebmJ organs, it is distributed and equ-iilized by die 
I lowing blood which permeates nearly c^cry part of the tsody, so that in 
“wami-bloodcd^" animals a practically consturu temperature is mainE 2 iined- 
fioni suiih an antnnal heat is lost m threr waysi ^ 1} wtlh the expired w^arm 
breathi (2) with the expeUed excreta; and {3} from the skin. 

EiV'ery brealiii of w^armed air carries away a certain amoutiL of bcidy 
fieat, for cold air tlmt b drawn into tin: lungs k warmed at the eipmir id 
the bodj before it h expired. 

The exiiretii, both urine and feces, arc kept at body [emperature until 
expubion, when a loss of heat occurs. Probably nnic-triuhs of the heat 
kiSs of a warmdiTopded animal like a mamnmJ, however, k through the 
skin. Regulatiun tif bodily heat consequently Is very largely an intcgummiiil 
fimcnon. 

The skin efferts the regulation of the 1 o$a of heat in two ways^ one 
physiolDgical and the other physical- Fh)'swlo^ciit Tc^uluiton Is broucht 
about by the expansion, or relaxation^ and liic conti^ttion of the skin and 
the walls of Lite capillaries rontaiiied therein. When txpnscd to cold air 
the skin tends to contract, sometimes to the point of forming ^*gonM: Hesh,” 
with the result that the rapillarjc^ carrying die warm hUxid are reduced fo 
a sausdXcT size and buried somewhat from the Butfacc. The amoTint and 
rlcgree of cold tn which the dmilating btund is exposed is ihus diminished^ 
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and ihcrc Is a lesiftitJ loss of hrat^ In warm air the skin relajses, afTortUn^ 
ihc capillaries, ini%v more osposed and wilJi iivaJJs morr expanded, an uppor- 
lunlty to permit grvater loss of hcai from the IjIiukI* 

Physiful regtilatioti is accomplished by the evaporation of sweat which is 
constantly beinj^ excreted from the mauiinahan skin, even thougil it does 
not alwavs appear in visible drops. Heat is uuiversaJly retjuired for ilic 
phj^sical procci* of changing a liquid into a gas. During the evaporation of 
sweat the nccessarj' heat is alsstractcd frtJiD the body through die skin and 
is tliufi dimbiiitcd, 

Lo.'cs of heat fmm the body is further tontrollcd by tlie fact that pans of 
the Jnicgiimcf 1 1, tike the blubber of a whale* serve as a iKin-coniliJcUtig 
likiiikc: tD hold in the generated heat, making life endurable rvtJi in ky 
waters. “Cold-blooded” animals ilo not spccLili/c in dermal fat- 

A film of oil pniduccd by the sebaceous glands Ui the manmialliin integu¬ 
ment aen’cs the same heat-retaining function. When Gertrude Edede s'vam 
the Engll'^h Channel, she was generously greased all over in order to meet 
the unnSLial thermal conciitioiis of that famoiis adventure, 

In birds the dissipation of bodily heat is regulated thmiigh a covering nf 
adjufitabk feathera by means of which a blanket of warmed air Is retained 
next to the skin. The thickness of ihk blanket of wiimi air can he adjusted 
with meticulous iiicety aJid almost instantaneously by fluffing the feather. 
Thus, an Eaigbsh sparrow on a hot summer's clay is strcarnliited wltli its 
feathers hugged tight down dose to the body, but In cedd weather it asumts 
adequate mulerwcar by fluffing out its feathers and so Burroimding itadf 
with a more grnerous layer of body-instilating air, 

The siimr result Ls accomplished more a^vkwardly in iiie case of dvilked 
man liy means of clothing, which in reality is nothing morr than extra layers 
nf non-conducting artificial integument addenl to that which nature ha.' 
provided. Skin and clothes in vhcmielvc!i arc not warm. They are simph 
dedcea for mtaining heat genera ted within. E\eii the finest sealskin cloak 
thrown ns-cr the marhic shoulders of the famous stamc of Venus dc Medid 
would not warm up that attraciite work of art, whatever may have been 
the probable temperature of the onglnal Venus. 

4. SensatJon 

The most nmwrsal of all the senses, the great confinnatarv rriue of 
touch, has its tecepUa* Iw:atcd in the skin. The allied stmses of pfrsmre, 
icmpcraturc. and pain are aho irfrrahle fot the most part to integumentary 
nerve endings, Fa’CH the chemical senses of taste ami smell, which oeeiipy the 
neighboring mucous membranees of the nose and mo-Jih canty of higbei 
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fonm, art still foujid on the ouutidc of the body in die skin of ilie lower 
;Lquntie vertebrates, 

5* Excrtiiofi 

Among mammals the $wcat glands supplement tlic kidneys in removing 
waste pnrducta from the blood. The mammalian skin hit$ brm rdmtd to 
quite appropriately as an ""unrolled kidney/* since each sweat gland in the 
skin, with its accumpiuiying capillaiies, is a complete kidney apparatus in 
mmiature. Whenever the activity of the sweat glands is accelerated by exer¬ 
cise, heat, or diuredc and diaphomic drugs, sm h as aspljin, calldn, or 
pilncarpin, there h Ics work for dir kidrirys to do. 

The coroitont shedding of comeal material from the surface of the ver¬ 
tebrate skin also may be regarded as a kind of excretion from tlie integ- 
iimeut. 

6. Secrednn 

Tile most no table example of the jntegi uncut funcLEouing an organ of 
secretion is found in ntammahs whose mamtiiary giiuiik, which are a wry 
spct'ialLced form ol tJic iuicgument, develop os an indispenabte part of the 
reprodurd\ c apparatus of these vertebrates, 

Tliere are afei prr^tit in the moftimalJan skin, iw^^ciateJ with hairs^ a 
great number of sebaceous glands which secrete an oily sul^^^tance that tends 
to spread over the skin, rendrnng it supple and more or less rrakUant to 
cooking !jy water and to lim of heat. In lisbes ;md amphibians the mucous 
glands, already mctitioncd. are also Important oraang of secretion. 

Other instances of the integuniiejil fuiicLioning as an organ of sec ret inti 
rniild be cited, partiruLirly among jnvrrtebniica, as, for example, the "crust*" 
of the cntxLaeeatis. which is a piodtict of the or in\'ertebratc 

skin. 


7* Rrxidratioii 

The moist skin of tlic amphibians accomplishes to a remarkable degree 
the exchange of gaMs W'hicii consiituto* the procesa nf rt^pinukin, Cuinnrom 
itrtmiTj, for mtamplt^ jnipplying the skin of a frog, are larger than ihc ptit^ 
manary urtcries that gp to (he lungs. Even in niim the skin supplements the 
Work of the limgs. 

Tlie gills of ivatcr-dwelling animals may be Tcgardcd morphologically 
as extensions of the $kln, as arc also the trackra^^ or breathing tubes of 
insects. 
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8. Locomotion 

The tUb and ilagrllu by means of which mifroscopic aqualic forms 
move ahoiit arc dirrivaiives of the outer envelope of these skinless iUtimals, 
while in the diversified group «I the arthropods, which include much over 
half of all known kinds of anknala, loconiolicm i* accomplished by lever-like 
appendages, the actuating muscles of wliich arc aitiiched to the inside u( 
the integumenUiry exoekclcttm. I he wings of insects arc entirely integu- 
mcniary. 

Among vertebrates the fins of fishes and ihe wings and tail feathers of 
birth that are esriential to Jocomotiou. are also integumentary in origin. The 
skill takes a couspicuoiis part tiMi in the wings of hats, and in the (lying 
mechanism of aii gliding animals, such as flying squirrels, fiying lemurs^ and 
ihe “flying dragon^* {Draco J of India, as well as in the wings nf the ctlinci 
picmdactyLs, which had a wrb «f skin stretched between the fourth finger 
and the sides tif the body. Web-footed niiiniaUi like ducks and frogs depend 
upon llie skill bitwcen the toes to enable them lo paddle in the water. 


lU. THK HUMAN SKIN 
1. Mncruscopic 

“I'hc human skin as a whole rorifonn.« to the underlying parts of the body 
as .1 roTtlliiutius organ. A baby^ which at first may easily l>e Held in the 
palms of two hands, grows in three dimensions, but the .skin keeps pai r with 
tlie change in size, always filling the enlarging l>ody perfectlv withoiii any 
bursting at the seams. The clothes, or adventitious skin, in **hieh the child 
IS encased by its parents are freqiicnuly too large, because of the hopeful 
rxpectatlnn that he will grow* to fit them eventually. Not so the marvelously 
pliable skin. Its smooth expanse is diversified by a few noteworthy deva- 
Lioiis and depressions, as when it is stretched over the cartilaginous frame¬ 
work of llic external ear, or drsrends into the ear passage itself. The innu¬ 
merable liny pits, appearing whcirv'er ihcre an* emerging ham i)r openings 
of the miniaturr v^Dlcano4ike siveat jdands. are microscopic depressions that 
do not entirely penetrate the skin or in any way interrupt its continuity. 

Wrinkles and rreasis around the joints aid in accommodating the clastic 
intccumcrit to changing contours. In old age the skin frequendy cxhibiis 
wrinkles, bei’aiw ii does not shrink as rapidly as the underlvmg muscles, 
in the process of diminidling repair attendant upon advtmcing years. 

Tlic skin is thinnest where it pasices over the exposed part of the cyelKdl. 
ft is so thin and translucent here, as well as in the double layer of the eydids. 
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that it k pcissibk to perceive light ihroiigh thixc Jayri^ tif iiJdn at once, a 
fatit easily dcmousirated by mming the: closed eyes toward a hriUfattt Ugltt, 
when Lhf- deference between light and darkncfig b di^diiguhhahk fiuough 
the double skin fold that h the eyelid, and die continuous c^njunciiva which 
cotisthutes the front (ace of the cornea (Fig. 717)- 

The ihkkrsTt region of the skin is found on the saks of the feet^ CornSj 
catlausosj and other local thickenings wherever there h cantinned excesivc 
friction or pressure^ arc evidciict!3 of intfcascd thickness by use and are 
particularly prannunced on die soles of the habilually unshod. 

According to I^itnaixk the thickened skin on the soles of a baby's fi:ct 
before they have been subjected to use js inbciiied from ancestors who 
actjuiixd It while wulkiiig up and down the earth, Th!$ Is by no rncam« 
however* the niosl plausible explanation, Miidptipples (Ne^turuS) likewise 
have the thickest skin on (he soles of the feet. Since dicse primiUvt amphi^ 
biaits have their bodies always supported by the surrounding whaler, they do 
not itjtf the soles of their feet, nor is it likely that any of their ancestor did 
50 , Ohvioukly there must be another reason for (he lUITercntiadaTi in :5kin 
ihickneiiS on the soles of the fcCL 

According to Rauber the nreu of a typical human skin fe about L6 
meters square, or approximately five feet square- This fact is iminictive 
when ft i** remntibrrrfl that certain futiL-tHms of the skin* as an organ of 
excretion iir respiratior^^ for example^ depend upou its expanse. 

ITie weight of the human ^kin with the fubcuianeou^ fat removed, as 
determined in autopsies, h stated by BihchofT to be 3175 grains for a thirty* 
two year old female^ and 4S50 grams for a male thirty-three years old, or 
approxhnaldy 7 and 10-7 pounds. 

The enfor of the skin depends upon two factor}^, namely^ translucency, 
which permits Uie underlying capillanes to show through as in blushing, 
and the presence of pigments, of which therr arr srvTnil kinds, white* yel- 
loWj black, and rctl Exiepting in albinos, these pigmcnt'i arc all present in 
varying proportujiis m the differcril races of mankind. They unequal In 
liistnbiuion. even in a siitgli: Individual hcifig heavier on exposed p:ins of 
the skin, and around the axillae^ nipples* and gealtalia. The freneral color 
of the skin of so-called white people varies also with age^ from pink baby¬ 
hood to yellow frenrsctmce^ 

Charadejissdt Idue-gray birth marks In the sacral region of newly-bom 
mongoloid people* which fade out In the course of two or three years* arc 
due to hrowTi pigment granules Jocaicd m the deeper translucent layers of 
the skin. 

Nerve endings, except those of the most undifferentiated character, do 
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not ordinarily extend into the mterccllular spares of the cpitkrmlfl. Conse- 
qoendy stimuli whliJi affeet the body must reach the dreperdying nerve 
endings nf the corium tfirougk the protective barrier of the epidemm. 

2. Mia"o$copic 

The cells of the epidermis are arranged in *tratifkd layers, like tbr 
leavo of a book, with the most importaJii and mdispensable layer next to 
the eorium. From it die other, mom siipeificiid, layers arc derived, together 
with such accompanying modifications as hair, feathers, and nails, fins 
tcmarkahle life-giving restorative layer of germinative cells is called the 
Mdt/ifihian layer (Fig. 138), in honor of Marcello Malpighi (1628-1694] 
who first pointed out its significance, thereby erecting to his name a memo¬ 
rial far more enduring than an isolated mausolenm or a marble sliaft. 



Fis- 13S. IKap^am ef the skin, ithowLrte litnt' ilif Malpighian layer gwct 
rist to the snprtJmposed layeri of ibe cpidennlx If cJ^wn in proportStm, 
the dercH would be several limes as thick ju the eindcrmia. 

The cell progeny arising from the grmiinativc Malpighian layer are 
gradually modified while diey- are bring crowderl toward the exposed am- 
[acc of the skin. Their walls become diicker at the expense of the eytoplasin. 
white the breakdown of ihtir nuclei is accompanied by a sequence of chem¬ 
ical chirngcn in The cell substancr. FinaHy, each tell flaitcns until eventually 
only a divul scaldikc remnant remiiitiB, like the mllapsed skin of a grape 
after the pulp Ua-'s Ikcji squec:flrd out. The squamous husks of the outmiifwt 
dead cells thus ftirnictl are tnnstnnlly breakutg free from the underlying 
layers, being shed with no Intemtplion of funttion of die akin a-t a whole, 
while at the same time a canfinuous rencw'aJ from the Malpighian layer 
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bdfjvv is imutitnincd. DajidrtjlT is formed of die tn^Attcd of the outer* 

tnrffit dead epidcmial cdb. 

Jt flits been estJjtiiiied that a person who ha^ atijiiiicd ihirc score ye^rs 
nfid wn \m^ quite uiiai^^arcs and painJi:ici.[y, gotltin rtd nf o\er forty-five 
pounds oI dead and discarded cpidennai cdh. Due to Uie etemaJ youth of 
the Maipi^Liiui Jayr.r, the skin in Lhb way is clennrd over and over tviihniit 
IVdaring thb] tlir way rIotJies do that are repcntciily scrubbetl^ The dead 
outemiost layer is the c^^rRfMfn. The region between the outer comeunt and 
the living Miilpi^ian cdb below La cJiaraclcrizjed in certain areas of the 
bumaij Imdy by ihc presence of two trjin,^tioDid layers^ called the 
grunulmtiTn dud the stratum lucidum. Hie former is best seen in era® scc- 
iiowi of skin taken from ihe soJes of tlie feet ot the palms nf ihc hrmds, Tt b 
several cdLs in thickness nest lo the Malpighkni layer, and b tailed 
Insiim"' bei-ause. upon the breakdown of the Malpighian nuclei, ktrnh^- 
hyaliu granules [VValdcycr) are foimed, width give it an appearance rd 
greater density* 

1 he nppairntly homogenous stratum lucidum, winch lies just outside the 
Mratuiii gnmulnsum and is derived from U, owes its Henti-tranEpartncy' anil 
cumparatiw irsustaticr to all cirdhiiiTy histological stains to die fact that ihe 
kcratchliy ahn of the stratTim granulosurri f>rconies clumged at tills point into 
a different cbettucal compound^ called nr/erWit i Rjiij\Tcr)* This layer is 
usually warning except whm the skin h parth:ularly thick, bwt it reaches a 
conspicuous drvctapnient in the naik, whkh li principally ciimposes. 

Skin pigment b usually lixatcd in tiie Malpighian layer of the epidtmih^ 
ulihough in some vertebrates, it b distributed among the deeper-lying celb 
of the corium* 

The coriurn, nr d^rrmn^ k the disdiirtiv'e part nf the vertebrate skin^ being 
unrrprrseiitcd in mvcncbnite iittcgumcnts. It b a network of connective 
tissues, consisting of celb and filjers produced by ccQs, felted rogcUief. ll 
underhes Uie superficial epidermis and is many times thicker. When le*'tThtrr 
\a made it is the corium that k tanned to produce it, the epidermis being 
discarded. The corium uf die human skin as wdl as that of different ntiimab 
can be made into esc.<llrjit leather. As a matter of hisiorica] fact, during the 
French Revolution, shoes were made from the tanrjcd skin of guillotined 
prisons. It IS related of one Johann Zbka, a fire-eating German palriot uf 
uldeii days, that he stipuJalrd In his will lltal hk skin be tiititicd and made 
into a dnimhciad, the martia] resonance of which shmild incite those who 
heard it to fight *t 3 valiondy as if fiis own Vf4<’r. were urging them on. 

Among die tnany stnirtuTO rmhcdtlcd in the corium are; capillaries 
and lymph \‘cssek In abundancej nmx endings, sense organs^ migrating 
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pigment depeuiils nf glycogm and fai, sntoadi muMde cclk, sweat 

glands, sebaceous gia^ids. and haiis, the Iasi thrrr being dDwngrowths fmm 
ihc rptilcrmt^. 

I'hi: dccjjer parts of the coiium form tfie jttb^lamojii lajfjsr. cliaractcr- 
ized by Uie iucluaion of masses of soft fat ceils and by the looser wcasx of 
*lhe felted reticulum, ivhidi allo'tvti greater freedom of motion to the imdcr^ 
bing inuscics. Tts blixsd supply may indudr a large fraction of the total 
amtiurtl t>f hluod in tlic endra body. Some of the fibers nf the snbcQlajicotis 
region [tilcrlaic with die filmn composing the cnmietlive tissue iihradis that 
rnielop the mnside. ihiis fastening the skin dr>wu, w, :t were, mone firmly. 
This is demonstrated better in the pjilm than over the back of the hand 
where the skin » Uioscr, 



Pig. t59- De;i!^tit ihnWnie fciin*! nf di# defaila qI frictinti itih. Tlie 

tUJgc^ all auif^iie, mji r li cfirrTjj|iirsfLElliii5 cpidcnmdl projwctiyn^ 

into Um: ilmn 4 V pre penctmlH hy Uic dant* of the ffWcpt gljiicU whith 
liff raited up in the derma Kelow^ Two fitoior) papillae arr: thruvn, 

[AUtr Wilder and Wajlypcullt) 

In T€^onB ol the body stich as the fini^tr tips that arc much in cnnlw’t 
witli ihings ^ the outer part of tlic corinm just under the epidermis b thrown 
up into rows of tiny projectiorts, err papillat that form ridges fFig. 139 V* 
It h ctjslnmnry ('niisequcnlly to speak of a pafiitlafy layer of the coriimi* 
although stmtificaikiii of the rnriuni ts noi as pronounced Jts ^itmtiBcation 
of the epidermis. The roughened papillary layer helps pot^ihly to tuJd I hr 
coriiun and cpidrnrits tcigether at points on the skin where frlrtion or pres^ 
sure U frrquriitJy applied, for the cpidtnriis dovetails intim^Drely uitc the 
minute Mils and ^alleys formed by the dermal papillae. 

There are iw-o isorts nf papillae iu the papillary layctK namchv nutriw^e 
and frnsory, the former containmg a capillary' knot, the bttcr occupied Hv 
a flcnsnry nerve entling. It is possible to flemrjnsirale these two kinds of 
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papil{;ir r^perimcntjilly m the finger lips by patient manipiilailoii with a 
vet) fine iictdlc. When a nutritive papilla is punctimxl ihere no particu¬ 
lar pain^ ail-bough a tiny drop of blood may appear, but whert a sensory 
papilla is pneked iio blood (Idivs and p^hi is fejt. Both kinds ate so close 
logrlhcr, and any needle point Ls rtdadvely large* tiiat it requires nice db- 
crimination to perform the expcriitioit succcHTfijIly. 

WltcrrvTr papillae an: present^ three layers^, which ^^hadc irnperceptlbly 
into each other, may be dijitiiiguLsIied in the coriiiin^ namely, papHLiryi 
F£titular, and 

3« Embryonic 

already indicated^ thr htiman skin as well as the vertebrate skin in 
general has a double embry onk origin. Tfic epidermb, which b the primary- 
conifKinciiu arises from liiat part of the eetodmn renmining after ihr mctl- 
ullary tube, wliirh fomis thr central nervous system, has' mi grated In from 
ihe outside by invaj^nation. It fonsJsts at fir^t of a single layer of celodcrmal 
cells that sotm gives rise to a tempomty- ikiu, the ephmhmm (Fig, 140), H 


Epidarm]} 

{Eclcidarm] 

Fig. t-Ht. Sltin fruni rhii hr^dl of n huTnac cmLtj'b of nioiuhii. fFr^m 
Brrifirt amt UVwiherfani Ua.it tn,d StShr', IHiudogy., .-opyriETlu mM 
hi- prrmLitioti of F. Blakbioii'i £»n diid dTnpanj, pubtyhetj. .JU™ 
Bow^eji*) 

delicate outer bwr of somewhat swollen rdls w hich take certain stains dis- 
luirtivTlj, thus shtiwing i specific chcmital character. Corneal ccUs, dcrh'cd 
frivrti die Malpighian la>'er, S(ian appear under the cpiirichium until, al the 
ape of ahoui ilnec JimoLhs in the iiuimm enibiyo, the epidermis of the 
fetus has acquired a ihiclmes of three nr four cells deep. About the fdth 
montlk of fetal life, when embr>'onic hairs begin to emerge from thr skin, 
(he gauzy cpitrit hlum ut shed fifim the entire hotly, extepiing the palms and 
wiles,^ into the amnkmic fluitl. and is neser replaced In kind, Thr name 
r//#irtVAi«in >ept. uponUriitiium. Iiain slgnlfiH ihai ihb layer irntiwtndly 
rests upon (he lip of iltc buddim; hairn, A more inclusive term for this 
evaucsrrnt enilmYmk matnlt U pm/fi-rm (pen. around: tfetm. skinl. siiace 
it IS pcesent as a p;ui of tlir cmbryoiik skiu of reptiles and birds also, where 
there are iiu hairs upon uhicfi it can rest. 

ITie corinni is dmvetl from cells of the somatic mrjiodenn and the incs» 
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mrhyme. It is sectindarily wedded to the overlying epidermis, which It 
eventually exceeds many times in thickness. 

IV. CX>MPARATTVE ANATOMY OF THE INTEGUMENT 
1. Invertebrate Integuments 

The microscopic bodies of protoxofuis are without a true integument, 
aliiujiigh in Amofba there is a dearer marginal area, the gctvsan:, which is 
difTcrcnl from the more granular inner part, or endossrc of the cell, 

In other in«ftcbrates that cxpoiie a cellular covering to the outside 
world, the. Integument is entirely ecti>dermd in origin, the mesodermal enm- 
ponrtit bring absent. No one has ever heard of leather bring made from 
any backbonclcss animal, for leather is manufaetured from the mesodermal 
part of vertebrate skin, and there is no such thing as invertebrate cortum. 



FiR. HI. A terHun ihroupti ttic intcgiun^m of an eatrhworni- The 
ciidcic if a ^creiiiMi of ihc hypoJcJTnia. After Scbucidcr. } 

The simple in^'^ebraie skm is called hypodifTmiSt in fUstmctiiin ed the 
rpidertnii and cariiun of the compauiid vtiitcbratr akin. The hy^podrrmis 
inavr consrat of a Jungle layer of fiat epithelial ceUs, as in ssponges and msiny 
coelcnlcralcs; of r^s/ninfinT epithelium^ as in wotm& geiieralJy f Fig. !41 ]; 
nr of dtialed epithelium^ as in flatwonm and vnrtoua Lirvae, SetiBory and 
giand cells of various kinds may he iiiterspcreed between other ^dk of the 
hvpodcntiis, and tbua be in a favorafaic position to come Into relatioii with 
the environ mejit 

Frequently the hypodermts secretes a more resistant outer coat of chisinj 
lime, or other substance, that is not in itself cdlnlar but which comes to 
constitute an mlcgiimetlta] exoskdeton. This Li particularly the case wiih 
arthropods and mollitsb. As the body increase in size within the uuyie.Uing 
intcguntcntairy' armor, it becomes necessary perindHially foe the hypCKJcrmis 
to locKctip and to east of! the lifeless^ irnsccoRimminting seemed envelope in 
order to renew It on a larger fti'ale. Rcmindere of this pmcess of eedym, 
or the skin/' which is typical of arthropods particiilariy during: the 

jpnwmjg stages of mctamarphoftLs $til] peraiat even ^mong vertebrates in 
the various ways by which dead comcal edla are slou^cd off ftoni the 
epidermiSu 
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Unlike artlirDpcidEi^ mmt mullusks do no! undergo genufal ccdpifi but 
reiaiiY, with uiifoniuiMe pa^mmotiVi the cxoskeletal limy shells secreted by 
the hypodcmiis^ until they become so weigh led down by adding layer alter 

layer that hMiomotion is uuule diFTirult and 
srmation largd y su pcHItJOU!^ Eventually 
sedentary contenimcnt lind flccnmpanying 
degrricriition take the place of the natural 
pnjgrcssi^^t; evolutionan' cotLscqueiici?* tliat 
folkiw' upon a more active and cxploratoiy 
txisicTticc^ 

2. Timkatt^ 

Among tuiurates or ascidians, which 
CK cupy 3 borderland position between m- 
vcrtcbralos and veriebratea* Int epidcrriih 
is mutrh like the hypodermbs of lower forens^ 
because of its power to secrete an ejctjcmal 
Irrftf'e of non-erllular matmal ^ Fig- J42). 
The peculiar substance secreted Is called 
which is not rncniuitered djwnvhcrc 
in ihc animid kingdom, ahhough a chemi¬ 
cally liinular substance, ctfihf/orc, \s a widespread conslitiient of plant tissues. 
Not only blo4xl vejarla and nerves hut wandering irregular rucsenL-hyme cclb 
aImi prnrtnite Jiitn tJir tuniciti matrix thus setreted, adding to the protec- 
tjvr: tnughne^ of the mantle or lunic which 
gives these .inimals their girncmJ name of 
■'tiinicatir^” 

3* i‘Vuiphii>xus 

In umpliiuxuv the typical rompoimd in- 
tegummr of the vcrtebraies is reduced ro Its 
simplat expression. "Hie epidermis consists 
of a single layer of calumnar cells, whirb in 
the larval stage arc ciliared as in ccrlaln 
womis, and whidilaict produce a thin non<ellubr Entitle that brcminisccni 
at least ijf ihr rxaskeleiaLvtTtictuira secreted by the hypodermic of in vertebrate 
forebesra. Thus amphioxiiii. In assuming the dignity id a sTnehrate. di^ 
not entirely bum all its invYrrtchrate hridgeji behind itself. The tdrium in the 
^kin ijf amphioxus is rrpre^nted by a thin layer of gelatinous connective 
liimie nvcriybji tlie luuscubturc [Fig, 143 i.. 
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4. C^^raionwa 

The slippery lampreys aiid hagfislies spcrialiM in a highly glandular siin 
(Fig. 144). Then: arc no fln^aJes prraeiu (n K!strii;t or mtsdify ihc abundant 
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Fig. 1-14. Dinpriniiitiatjc wfctlofl tlirciugli ibc integtiriicnt of a lainprey 
crip /After Haller,) 


^pidurmii 


Gland Cell 
Malpighian Layof 


and cHaracierisiic glands of ^^arioMS kiuclsj prificipaHj' ttiucouiip Lhat afc 
trihuled among thr cdla of the thick many-layered cpidcnnis. Epidermal 
eclb in ihc skin of cydostoinca, frtim the deep-lying gemi^iivc Malpighian 
region to the surface, do not exhihh the 
Kumc jsarl of progresshT dtgeneradDii toward 
^ lifde^ tomcal condition that w rhaiactcr- 
ktlc of the mammalian skin. The auterronfit 
cells even rcUin their youthful cytoplasmic 
character and are arrive enough to secrete a 
thin cutide over ihcir exposed surfaccB^i a 
lingering trace perhaps of long-vankhed in-- 
vertebrate thiys. 

The horny teeth (Fig, 145]| upon the 
Titirface of tlic plstonlikc fltishy longue and 
the wall of the buccal funnel arc the uuly 
epidermal coTtiificationi& in these animals. 

PeriixliruUy shed and fctiewed in the orthn- 
dox fashion of other comciil structure^ they^ are thus to lie regarded as 
corneal modilicatioiis of the epidermis. 

The fioriuTU, whiiJi h thinner ihun thdc cpidcfink in these primitive aber- 
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ont lisiic^p is 3Ln intcnfi'f>vcTj iLrtiiVQfk of vtrticsil ^nd. HorizontflJi ccirincctivi'C' 
timic fibcra^ prajttitally undiffereuUatcd into 

5, Ampbihians 

rhc funphibuiti ^kin has itjuc;h in cotninon with that of cvclostomes, 
lieing highly glandutur, icaleless, and with a niladvcly thin corium (Fig. 
J4G), Tliv. epidermis^ alltiniigh consisting of sirvxraJ layers, is nevertheless 
thinner ihan that of cyclostomes. The glandsp howciTr^ are of a more cotit- 
filkated type, being composed of several edla each^ instead of a single cdl 
^ in eyTloatomes. Although arising in the MaJpjgtuau layer of the epidermis, 
the compound inicgumenial glands of amphibians do not remain in an epi* 
dermal ptisitloTi, as do the skin glands of r^ebstomes, but push deeper down 
into die rorium. hince ampiilbians are transitional ajiimak in and out of 
a water habitat, tlirir plentiful glands bdp to keep the sJdfi moist and suffi¬ 
ciently permeable for respiratory' service. Tiic I'ascularization of the amphib¬ 
ia rt skin is particuLurly pronouitced during the critical period of metamor¬ 
phosis, when, in some cases, the miusual vertebrate condition of pcnctratioii 
of the epidermis by' capillarica takes place. 
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Amoiii' ihr lilgbtrr amphibians which spend much of thrir time out of 
water, the romeum 1$ difTetrjitiaTed in the rpidermis with the result that 
red ysis occuis, the dead outer layer .stouj^ing off, sometimes in fragmentary 
ra^ and tatteis. TJic cumrimi, hcwni-cr, b especially charac(eristic of land 

iittioials, nol liciTig evident in atjuatjc forms,, 

A «‘crctcd invcrtchtate-likf cuticle, anch as amphioxiis and cyclostomc* 
have, is tmtwicntly present in some larval amphihians, much to the deliphc 
«»f the compaTatn-e anatomist, although it no longer appears in adult ftums, 
Piumcnt cells of the airiphibian .skin arc lorated mostly in the coriunt, 
whciT Utcy come iinder the control of the nervous system so that rntain 
species, tree frogs for example, are abft to adapt thcmselve with roiistder- 
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able success to the tolur of the background on vfhieh they find thrmseU-es^ 
thofi escaping detection. It sliould be noted that the skin glands of “^waity 
toads take on an irritating or even poiwnous function, wbkh discourages 
the advances of molesLing enemies. 

6, Scaly Forms 

In manv vertebrate species secies form a conspicijous modificatian of the 
mtegumcnl’ The dnirarter of the different kinds of stales will be considered 
later* In this connection attention will be diTecied simply to some «I the 
characteristic Intcgnmcnial feauircB of vnertchrates with scaly skim. 

Most fishes possess scaly skins. Aside from scales the integument of fishes 
is generally marked by the snugness uitli which it fits the underlying 
muscles. TJiere is a tailored nicety about the skin of a fish that is not appar- 
ent in the baggy jacket of a frf>g. the loose integument of a bird, or the tom* 
fortable elasticity and wrinkles of the mammidian skin. 



Rg. H7. Ijjng fCEtuin tfimwfh the skin of a ideost, Barfrai. (After 

Maiittr.) 

’Hie cfndermis of fishes is highly glandular. Usually iJte epidermal glands 
arc superfieial one-cellrd structures outside the fwrdca tl"'!?- 
serve to anoint the body with mucus. Although prophetic indications of a 
corncom are found in some instances among fishes, hi general the epidemiis, 
as in cyclostomts, does not differentiate a definite external comral layer, 
for a dead comciuii b an adaptation to life on land and caposurc to 
dry air. 

The corium of fishes k a typical meshwork of connetlive tissiu!, moir 
stratified in its deeper parts, and bearing the embedded scales to which it 
gives rise. Frctiucnlly the corium as well as the cpidennk displays pigment 
of differenl kinds that derorates the body with an endless variety of pat¬ 
terns and colfHS, pankularly in brilliant birarre tropical fisho. 

In the evolution of amphibians it appears that muliiccUular gtamh have 
displaced scales as the most characteristic features of the skin. The« two 
slnirlmes am to a CGiisiderablc degree mutually exduriv-e. A truly glandular 
skin would be hampered by the pfesenre of scales, while a scaly skin is ui 
tm wise a convenient place for glands. The tiny onc-ceUed muconii gUtids 
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over the surface of the of a fish are not in be compaml in ihw co(i- 

ncclion With the dominaiit mmiy-cclkcJ glantlii that charartcrize the amphib- 
iiui skin. 

Lxtiiict stegtjccphafci of the CarbtJLnifcftHiS' Age wefe ^ scaly as any o£ 
iherr coiitempfirer)' fkldikc iietghlmrs. \lany of ihtm nert large creatures 
rocirihling salamandei^i up form though greaicr in size >: Hg. 29 They 


v^ere eonspicuouidy i loihcd with a emtihnjiw plate- 
like afiutir qiiilc iri^tyle^ for they fived hi the 
of scales when defensive knighthixid was in flower 
among the aiiimab of the earth. 

Of nuKlem aniphibiari^ only die degenerate 
tropical Caecilians fOynmoplLEona ^ Jmve any sug¬ 
gestive trace of fjcahnesi. The cyliiuirieul bodies of 
ihesc small wonnlike animals arc encircled b>‘ 
bands of liiiy nralcs euibetltkd in the skin;, alter- 
nathig with arra$ of a typically glandular char¬ 
acter -iFIgK l4Bb In the akin of these lowly 
inconspicuous bearers of the iimphihiaik U 

writ ten the {Inal epifiodc of the evolutionary storj' 
of the rout o( scales by glands. 

The high water mark in complftertess hiiiI 
rJalxtratian of a scaly skin is irached by Tefttifes„ 
One has only to ej(amiiie with care Lhc palLcm, 
sculpture^ and arrangement of the scales ot\ a 
snake or a lizard^ to be Impressed with their ex- 
qnbiie perfection. 

As a gmnp, reptitei^ arc definitely cammitUTfl to life on land, in 5 pitc of 
i rrtaii. backdiding cxceptiims. Thb fact tm 5 left its modifying Imprest on 
tlir »kiii^ which b nri longer thin, moist, and respiratory, bnt thlek and 
romified cx|xisurc to dry air. The sTtiiggk fur a place tn (lie #un 

lie tween sc-^dcs and glajida has liad cpiite ii different issue iti reptiles than in 
umpliihmrn, since the former habitEially rub much ag^iinst the dry ground, 
thus having use for a corneal skin to safeguard them aguin^^ friction.^I coti- 
tact an tvclJ as dcsiccraliuu in tin* air. In consequence cedysb h ncccs^iry^ for 
the feirirwat of the dead outer layer of epidermis. InirgirmetiUcrv glands^ 
which ate superiluoij!^ in a highly comifieil skin^ arc fomtd only to except 
tinrtill cases as ttlirs of the days before the ascendency of scales. 

Some extinct refitiles, for example irhLhv<isaurs atid pterodactyls, appar¬ 
ently had a scaklesa ukin. liut most uf the dmckiiaurs and their mesozoic 
relatives were hurdened wkh iui efionnciutily developed IntegumenUry annoi 



I'h;. IS8.. Secilon throngti 
tiifi !ikia of a cai?c1][£iil 
phibiao, ie^kihyfiftkiu fhe 
icale«K nubrddcfl in thg 
riiriuilL arc iii blai.k, IhT' 
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made up of larf-e dcmml plates (Fig. 36o), whidi weft iwiially einhtww;d 
in bas relief, and sometime* bore along the; liaek fonnidablc spines project¬ 
ing upward two feel or more. 

Tlie coriiim in modem reptiles plays a secondary rfilc, while the epi- 
dertnis reachck perhaps a greater elaboration than in 
any other group of vertebralcs, 

:\niong birds and manimats scaiincss is of ex¬ 
cept itmal orcvirtcnce. llte scaly leg^ and feet of 
feathered binls (Fig. 149) reveal their reptilian an¬ 
cestry, vviide there arc a few scaled pedalists among 
mammaLv 

7. Birds 

Atiyonc who has ever attempted taxidermy 
ktiow^ how' loose, thin, and easily tom Ls the sldn 
of a bird. Tliose parts not covered by feathers, like 
the shanks and the bare areas aiound ibc base of 
the beak, odiibit a thictcncd com cal layer of epidermis, but everywhere 
eUc not only tlic epidermis but also the corium is reduced to a delicate 

ihmncs?. 

The typical looscties uf a bird's skin. ®o unlike the 
tighdy fitting mlcgtimcnt of the fishes, is an advantage 
in flight, enabling the muscles, unhampered by a binding 
integmneatary covering, to contract freely and to chaiige 
tludr shape easily. The bnaencs of the skin on the belly 
of penguins rervia a spcdal purpose adupied to icy an- 
larciic ounditiotifi. Iliiring incubatkrn the smgte egg is 
lifted uH the fTraen gitumd to a secure position on tup of 
the webbed feet of the parent bird and a generous apron 
of loose skin frenm the region of the belly fe snugly 
wrapped around tlie egg lo keep it warm. 
fi(f. ISO. Embryo Excekclctal structures nf birds, such as feathers, beaks, 
of Efi«a«uj. (lie and daws, arc entirely epidermal, since deitnal 

^hi climicnifl Dke the scales of fishes or the bony plates of 
Ir^igih, ihDk^iTi]; 4 certain rrptilo arc ahi^enl in this group. 

tirtiipor^hly icidy 

i/k In. f A f I c f Maminab. 

) Aiwmg ihc lew case? of real scsliness in mammsiU 

are the amion^d annadillos of America and thr pmigniinA or 
of Africa. Thr i&kiii of ihc fetal browTi bear and European fied^jehog (Fig* 
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150) tcx) are scaly ail over with haim intcnspcTsed. Rats, opfjsums, and 
beaveiB have scaly tails that arc cansjucLious cmblrnis of ancient allegiances 
wlikJi ttic cninparative analumist who runs may read. 

The essential features of the mammalian integument have already been 
described in the previous section on the human skin. It may be emphaiuMd 
Jiere, liowcver, that annang mummals the conum reaches its greatest devd- 
opment, bei-cmiing many times thicker than tiic epidermis. 

The conspicuous modilicatJons of the mammailan qildemiis arc haira 
atid glands. Tlicse struntarci wiiJi uthe« wiQ be considered in the ticst 
section, 

V. DERrV'ATlVES OF ITIE LNTECUMEKT 
1. Glands 

(flj In CTfiieraL—Glands arc cellular structures that produce either a 
srrrrrtion or an excretion, lii addition tu the Integumentary glands consid¬ 
ered in this chapter, tiiere are other glands that open t>n the mucini.s mcm- 
liratiea lining the irrtenial pasaagt-ways, atid still otheis witJiin the body 
which, in consequence of hadng lost their ducts, depend upon blood vesds 
lor the disposal of their products. 

.Ml of the imcgumrnttin' glands of verlcbrite! take thdr origin in the 
Malpighian layer of the t-pidermis. They may consist of single cells which 
have gone farther than their ectodermal neighbor* in glandular spccialka- 
tinri, or they may lie tnmpoKd of groups of similar cell* that jVm in the 
common enterprise of pioducing some kind of suljflt.mce which isj or is not, 
of use to die organism. In the fortner case it ta a secretion, and in the Litter, 
an rjccrrtinn. 

Glands Bijch as the sehaccous hair glands arc rjJlcd hplacTtne because 
in die prodiictinit eif st^Tctioiis individual crib arc used up, ratnided with 
their jwcirtions, and nepliit cil by new t i-lls. Another type, like sweat gLmds 
for example, i* nien?cTTi)c b charterer, that is, the glands tontinue to clabo' 
rate sevretions wittiuiit fatal results to iJicir structurflf units. 

The aiinpk one-tcllcd gland* of lower forms, such a.s thr mucous glands 
in the hypodermis nf an. earthworm, have at frret a surface exposure to the 
outside world. As glandular needs increase with the enlargement of the 
Ixwly, and llie amount of availahlc dtitiiide surf are becomes inadequate, they 
push down into the underhing toriuni, thus adding enormously to thr total 
secreting area without taking tip any more mrmi at the surface, just as large 
bayi anti inlet* inrrT,ise greatly the actual extent of the coast line between 
two pjints a* a crow flics. 
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Many^ccllcd cpitlmoai glands which occur in land fonns higher up in 
ihe scale are ciihcr ttdfular or alix^dar (Fig- 151 )f and may be either sim¬ 
ple, branched, or compound. The antount of spare thal a compound gland 
occupies at the surface is relatively small, being reptesaited simply by a tiny 
pore for the escape of the secretion producttl. 



Fig. 151 . Dia^mr of various types of glands, sltown as tnvagbiauons 
from a layer of indifferent cpilhcliuin. a, primhive unTccifuInr 
B, simple tubulur gJand| C, eniled ttibubr gland ; d, branched tubuLir 
glawl- E, limplr alv«tlar gland; r, corapoiHuJ ^Is^lar glund, with a 
single duct; o, more higilly differentiated alveolar glands, with Com¬ 
pound duets. [Mcidliicd from Wilder.] 

( h) luvritebratc Shin Glands,—Representatives from nearly every phy¬ 
lum of in vertebrates cJthihit integumentary glands «f various sorts that servr 
a variety of purpoaes. The Cnidaria among coelcntcratcs receive their name 
from the wide-spread occuirpncc of glandular stinging ceJU, «r nefntiiDryjfU, 
in the ectoderm, by means of which small prey is paralyzed, and the att.^r1(s 
of enemies probably arc warded off. 

Sedentary animab in stmie ntstances may gain anchorage by glandular 
sedvity. Thus, the iement gtandi of barnacle* enable these curious rr«»- 
caccan cousbis <d the crabs to stand on their heads, securely fastened within 
their prolccdve shells, in which posidtm they can tranquilly kick food into 
their mouths in safety. 

Many mollusks also, for example muEscls, attach themselves to some 
solid fmmdatinn h>' the secretion (if tough byssaf threads from a byned gland. 
Even microscopic rotifers, as they inch along, manipubte their tiny bodies 
by the aid of a sticky lail gland, while the lacquered cocoon in which an 
earthworm dqxHits its underground egjjp is secreted by the glandular 
ciitrffttm. 
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Man) insects produce glandular secrtLions. The delcnsive odor of “btink 
bugs, the proieciivc mllllDery oF woctll)’ aphids, the poisoning or irriuiting 
puwer of myriapods, spiders, and brown-tail moths, as well as the thread and 
web spuming of caterpillars, are all due to the activity of hypodcnual glands. 
Anyone who has picked up a fat-bodied blistei- beetle (i/rfoe) will rentem- 
ber tlte acrid yellow *'ellx>w grease” that exuil^ ^andular unfricndlbteiss 
froiil its 3cc i wart is another product of invertebrate integiimeiitaiy 

Jidands. 


ff) Vertebrate Glands,—Tlie almoGt universal epidermal glands of 
Fishes are supcrFiciat one-cetlea tRircmiJ glttndSf which are widespread both 
over the surface of scales, aud wherever naked skin occuia. They are supplc- 
by two kinds of less common glandular cells, namely, grutitilar 
gland cells, wWch are especially abundant throughout the cpidrnnia of 
cyclosiomcs i Fig, J. and more deeply lying Iteaker cells tliat frequrailly 
extend frf>m ihc Malpighian layer all the way to the surface. All three of 
these kinds of glands contribute to render Fshes slippery and hard to grasp. 
Doubtless too by lubricalicm they may facilitate to a ccitaiit extent the pas¬ 
sage of these submarinrs through the water, also effeiting the constant 
removal of fordgii substances that may adhere to thdr Itodics, 

The -iVfrican lungfish. rroiofttcrus, has ikin glands that scficle a vamkh- 
like cococm m which the animal aestiv^ra, buried in ihe mud, thus eurviv- 
ing the dry season. 


Pterygopodiid glands, aswxriatrd with thr pelvic ‘'daspera” of male dog- 
fkh anti other selachians, arc irtuliicellular mucous ghuiiis having to do with 
copulation. 



Fig. 152. A drep-v^a trimif, ChauUndm, wlih a dotihle n>w of Imni- 
«r^ain gti niher title of ihc h<jd>-, (After Lcmkiifetd.} 


Dccp-flca Gslim, iluii live in a world of darkne® w]i«rc no ray of sun¬ 
light can pcnctraie, ate in many instances equipped with glandular integu¬ 
mentary organs of considerable complevity, which produce light. These 
/timrWraf organs (Fig. L52) are practically the only many-cdlcd glands 
Ml the skm of fishes. They are usua'Jy accompanied in thisse species posses- 
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ir»g them by cnomioiisly large eyes adapted for catching the faintest glimmer 
of luitiinfscencej so that Diogenes nf the Deep Sea Fares forth, his 

laniem may not pass by unnoticed* Other deep^^a fishes^ without ILghl- 
pmdiicjng organs, arc iwually etilirdy blind or havt ody very degen¬ 
erate eyes. 

Certain fishffl* m >^ell as amphibians and reptiles, also hja^-e intcg^imcn- 
tary cdbof a ^andular nature, called ckr&mal&phares^ by- ul ifvhich 

the color of the body may ht modified to conform to the color of the 
environment in which the ammaJ lemporarily finds itself. It has been dem- 
oufitrated by Parker that the operation of these color chatigicj dcpmiJi not 
so much on direct stimuladon through the nervous sy^stem as upon certain 
'■ncumhumoi^* or hormones produced by ductless glands within the body. 

With the C3cccption of die eo-caPed Leydi^s ghnds found b the larv^ac 
of some atrurami one-edied epidermal glands, so chiiractcriatic o( the fish 
skin* do nnt appear in amphibians, being neplaccd by many-celled alveolar 
ghuids which also provide mucus. 

One of the fimcuons of the skin glands of both fishes and amphibians, 
that docs not recur as ao Integumeiital atitivHy in higher vertebrates. Is the 
produetjon of irritadiig or pciisQOous suh»tanec^ as a mean? of defense 
against enemies. In fishes such poison ^ands are usually at the baifc of pone- 
tuiing spines or sharp fin rays, but in 
amphihiaus they are more generally dis¬ 
tributed over the bfjdy* To;idis For ot- 
amplc, are usually left alone on account 
of the noxious secretions from their skin 
glands. The glandular rings tlutl alter¬ 
nate with the tiny embedded scales of 
the blind caecilians are equipped tint 
only with manyK:cIlEd mucous glandst 
characteristic of amphibians, btit also 
with peculiar giant poison ^isnds {Fig. 

148]. 

.Another fimctlan of epidermal 
glatidi h shown by tree frogs (Fig, 153) 
and certain salamanders which have 
glnndiilar feet that enable thent to stick 
to vTfftkal ^rfaccs^ and by ;iome male fmga that are uttique in having 
giandiilar thumbs svioHcit diififig the breeding season, making it possible 
ftir thetn In .saddle on to the dlppery' back5 of the females until the octtualon 
of the sperm oiid eggs h acccemplishcd (Fig, 154)* 



153 . Tree Frcig, showing [^a.nihj’' 
kr sucking a1 thr s^uili oF Uijc 

KSKK (From Ncvvioan^ Thr Fhy!um 
Chardsia, Cerpvti^ht hy p!rmi>- 

ikm of The Majnmillaii Cumpsmy, pub- 
liihOTLj 
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EpidentiFd gl^nck arr much Induced in npities yjid birds^ and when- 
tfver they do appear art quite localized. For iostance, from nerk to tail 



Iijf+ J SI. Right fate ipol 
ipf ii rruilcrdTriir, rt- 

riifrn/^, ftliijwing tlic cpi- 
ciermyl welling on {hm 
riolifll slde^ vuhich ap- 
pcan ttm poraiiH' dming 
the l^tcedifig siic} 

[5 an Bid la ^ruplfig the 
Fciiuik f^cLiJcly dirriiig 
^mpLexaLiao, lA/lcr Ley- 
dig. ■ 

particularly about the 
-Hiiakcs. 


down the hmg back iif ml alligator there 15 a 
cnnvded rnw of degencintc glauct^ between the firet 
and second row of sealts on either side of the mid* 
hue, tfic use of which hits not been deierminedi 
On the imdersJdc of the lower jaw' also there h- a 
pair of cvertiblc glandular j^tructures thal. during 
the mating seauoii give forth a strong musky odor 
which prcjbably has something to do with the sexual 
psychology of these animalB. 

Sifflilar odimf^rous gtands occur in other rep¬ 
tiles, They are ^ rnost notable pcjssessioiit for cx^ 
aniplci of the stink-pot ^ turtle, whose scientific 
name^ Arcmochely^ odoiaia, is almtst as descrip¬ 
tive as Its common name. Odor glands art located 
cloaca] opening of copperheads and cemin other 


The SocdJrd fcmpral '^glajidr of mule Ik^rr^s, extending in a mw along 
the made of each hind leg from knee to cloaca like a of tiny porthok^ 
f E-ig* J55), pioduce a dty gummy sccmtbn which hardens into short spine. 
tir "teeth” (Fig. 156j, that are useful as a holdfast gripping device during 
copulatloo^ 



Fig. 155 . Fcinoril tf male ic, 

rrrra, prfibably uieful in gripping thr to 
nu\e iftLrin^ ctipuLitbii. t Alter M 4 Mrcr,) 



Fig^ 156, Srrttun through a ain- 
gSe Icriroral potc (Fig, af * 

h*7Ardj^ Lflfrrfej, diowing prujecting 
plug pf dty crflj ihjit may help tp 
prirvcnt klEpplng durkij^capulaiiQn^ 
(Alter BtUivclilL j 


The or prffnmg gtaTuii, are best developed in water birds, 

and are reported w bring odurtfertms during sexual aclirity, whidi suggrats 
that their ancestral function was sexual allurcnsent, although (heir thief use 
now come to be that of supplying pomatum for use b preening. Tlicv 
are paired structures usually witli a single niitlci from width the bird 
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jquontcs out the greasy secretion with its beak whm dressing the Irjjihers. 
In tliicba and pelicans there are several tluctSj instead of a single openingj 
that allow the oily secretion to fScape* 

Aside ffnm this curious imnpygial gland at the base of the tail* the only 
other integumenml glands found in birds are oil-glands in. the external ear 
passages of certain gallinareoua birds, like tlie European capercaillie r Tetrao 
and the American turkey. 

Integumental glands reach their greatest variety and differmttatinn in 
the winr/t riTfl/jnn skin. Never tmiccllular, they are cither tubular or .vJ^tiolar 
in rharacter. 

(d] Sweat Glands,—-Jiteflf gtandi are the mcjsi ccunmoii and generally 
distributed tif niammidian tubular glands. Dr. Oliver Wendell Holmes, in 
his delightful lectures to Harvard medical students, likened sweat glands 
to “fairies’ intestines.” Each one is au elongated lube, the walla of which are 
composed of cells (Pig. 157). The deeper glandular portion is usually coiled 
up to occupy a minimum of space, while the oulermost 
part, that serves as a duct and opens al the surface with a 
funncl-diaped p:re, often spirals like a corkscrew as if h 
found difficulty in penetrating the compacted outer comeal 
layer of the skin. [though originating in the epidermis 
like all other integumentaTy glands of vertebrates, sweat 
glands by a process of growth push deep down into the 
coriura where thrir ternilnal coiled parts come into inti¬ 
mate contact witli the capillaries, making possible the 
extrartion of sweat from the blood. 

In a healthy man the fluid sweat, visible and Invisible, 
amounts to a daily loss of from one to five pints, and in 
extreme instances to as much as two per cent of the en¬ 
tire Ixtdy weight. It has been estunated lhat there are 
two !Uid one half millinn sweat tubule? in an average human skin each wdth 
a separate pore just at the liioii of vifiihility to the naked eye. Stated more 
graphically, there are about four hundred printed words on this page, and 
in the entire hook approximatply one eighth aji many words as sweat glanth 
in the author’s skin, ah of which it might be added have been exercised in 

laboriniislv arnmging tire letters a* they stand. 

Sweat glands in the human akin are not equally distributed, being mori: 
mimerouB on the palms and solca than elsewhere, and attaining a notably 
gxtfiitcr sizjc undet the arm pita* 

Rarlal diffenmrC 9 in the abundance of sw'cal glands hnve been observed, 
as shnwm in the Mowing counts per siiuare fetilimeter oti the finger lips; 



Fig. 157- Auveat 
gland- A, a iiei- 
w^i'k of fiapil- 
Iciries iiuidc of 
wbicli lit* tJic 
rckiird end tif a 
iwe^t H. 

[After KlmlicT.] 
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Amisricaji, 558 j Filipino, 653^ Negrito^ 709; Hindu, 738.* NegnKS can 
endure the tropkA better than the whites because they arc rnorc generously 
supplied with sweat glajids. There Ls so much indi^^idual vaTiatlctt hi wJutes 
with rrspert to the ahilily and to perspire, that army uuiimrtdcs uf 
England and the Netherlands take i:ogiij?:ancc of this fact and do nor derail 
for sm^ice in tlieir tropical colonies lln:^ iticii who arc unable to sweat 
fredv. 

p 

In mainipals that arc abundanily clothed with hair, the sweat glands 
becinmc crowded out or loolijcd in rcstrirted areas. Thui, m r^ts, rats» and 
mice thrs^ glands are confined to the *olc3 of the feet; in baL$, to the sides 
of the head; in rabbits, to an area ajoiind tile lip^; in deer^ to the region at 
the base of the uH; in sltTew^ to a line down cUher side of the body; in 
ruminants, ro the muizlt and the skin between tlie tcra; while in the hippo¬ 
potamus sweat glands occur only im the cars, which arc tlir parts of the biidy 
of these semi-aquatic monsters mijst exposed to air. Sweat glands arc w^aut- 
ing in Echidtts, isome iitaectivorcs and the water-dwelling sir mia and 
criacca. 

The male of the giant kanganx? h named MtirrQpus fu/iir because its 
sweat is reddish in color, and the African antelopci C^pbai&pkuj pygmaeui^ 
is said to produce athuminous sweat that forms a bluish latheip It will be 
rcmcmbctcd that in the ^'hcirse and buggy da’j'E,^* when a hamr-Ss chafed an 
overheated hurse, white blher appeared because of albunuu present in the 
sweat. 

The cilmry (cilium, eyelash) glandi of Aloll^ tliat ara llie center of 
trouble w hentver a sty is formed, arc modified sweat glands. 

(f) Sebaceous Glands.-—Whfle tubular glands arc ccsnjGned to mam* 
mak, alveolar glands of vnrintis kinds occur nm only m the inamnmlian 
fikin but aho ui the Ftin of olher land vertebrates as has already been noted. 

The moBi universally disiributed of Lite mammalian alveolar glands arc 
Si^bt^eouj; glands wliich pmducc an oily secreticia {sebum ) ^ nstudly in con- 
nretion with Juiirs [Fig. 156), althnugh they are Bibo found independent 
of hairs at the edge of the Ups and about the geuitsilia, where the ^kin passes 
cver mto the mucous mcnibnmc. On the tip of the um, particularly the bub 
Ixiiis of the indulgent, middle-agtd type, the openings of the frre seba¬ 
ceous glands mav be seen afl tiny pits, marking tlic icK;aUty of ancestral hair s 
that haw bfcn lost in the evrdutSonaiy shiifik. 

SehacriCius hair-fnlliclc gbnds number frequently two or three to each 
hair, opening into the pcMT.ket from which the hair Mhafi projects^ rather than 
directly upon the surface. The siise of ^baccous glands b nut in relative 

*Anas mi, L 
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pnjportioii to the site of the hairs uhitih they are ^iottiitcd. They fre¬ 
quently bt'come coliu-ged m the atiseTice of biiiis, which suggests that their 
priiiiury function is not so nnjch concerned with oiling the dry hair, as is 
commotily assumed^ as with providhig the eiirfacc oJ the skin with a filmy 
coating of oil. 
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The two-tc^^ sloih, Chot&epiLs* the Capr. tTH>1c of South A£nc^^ Chty- 
sochlorfs* the scaly anteater, qt ^“pangoliiLp.” and (ht ’n ater-itthabir- 

iiJ^; jiirmLma and MUtrartH, altcady cited for their lack of sweat gbntl$, arc 
equally deficient in seboccoua glandsi, altlioiq^k tlic lirst two are abuiidiuitly 
hairy animals, 

(/) Other AK-eolar Integumcnmry Gbnds.—AJnng rJic edge of each 
cj^elid there is a line of modified schaccoos plaTuls;^ caileJ larsuJ or M^h^- 
mtiUi glimds f Fig* 7J 7 which produce an oily (iJm acrocQ the exposed pirl 
of die eycl^ beiwr™ rhe edges of the eyelids and tlie rychafl itself, a Rim 
that I’ctreats and aclvanei:$ with rvery wink. Thi? oil seiiJ ortlinarily retains 
a film of tears which iomiiintly tninhitejis tJir sttrface of the cyehalL in the 
CiOic of weeping the oily chim is broken by the flDoct presshtg fmm l>elisiid, 
and leans trie Idc dnw'n ihc cheeks ( Fig^ J 591 * 

Another kind uf uiicgumentary oJvrtiJqr glands b associated with sexual 
activity m various manmikils+ These stnictutes ^^hoidd not Ijr confn^sed in any 
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way wUb the sch-c:alled primary “sex glands’* which produce eg^ and sperm* 
since they are derivatives of the cpidennis ha\Tiig usually only a lubricating 
fiuictiDn in coimcctiDn with Ihc genital organs. Examples of such gJaiids 

are the preputiat and vtdvd giands in the amle 
and female rej^pectlvcly* and rcenf glandf which 
act as an dlnrement to the opporitc sex. These 
Utter giiindi^ sue usually located near the amis, 
as in the musk deer, beaver, dvet cat^ dog, fox, 
and skunk. The scent glands between the toe* 
of gnats, whatever their effect on humankind, 
may have a meitning for thr gnats themselves. 
In dir exicma] car passages nf most verte¬ 
brates are found the ceruminous or wa^ glands^ 
which in fotni show aOlnitJrs wiib the tubular 
type hEjl In function resemble sebaceous glands, 
since they prgdiscc a gummy or waxy sccre- 
ti™ more like oil sweaL They serve lo 
arrest dust partirles, and to discourage adven¬ 
turous crawling insects that might odicrwise be 
tempted to inv^adc the sacred precincts of the ear, a function not so appar- 
cnily needful in thr case of man as of a dog sleeping in the sunshine with a 
hah] of bmy iusccis buzring iimund lut heud. 

( g) ^lamniary Organs.^—Of paramount impnrtance in the life of mam¬ 
mals ^ the milk ^ands wdtirh characlcrize this order of vnrtcbratrsiu The 
jnamtnary glands, although resemhlmg the nccrobiotic sebaceous glands in 
structure, arc intcErnediate in method of secretion between sweat and seba¬ 
ceous glartds. Their derivation in all pTobability should be traced not to 
sweat Of sebaceous glandsn hut lo some common ancotral type less difTercn- 
uated than cither. Their activity is periodic instead of coritimio^is and^ for 
the most part, finds r^tprtstion only in the female. 

The mammary apparatus includes noi only the them- 

scKrs, but also ihc elevated nipples^ that furnish an mitlet for the gUnda, 
and brfosts^ or mammuef whirh nire integument ar>' swellinp pnxiuced by 
the localised piesence of The enlarged mammary glands in the skin (Fig, 
1601, 

ITie normal number of varica fmm two In the horse, hat^ whale, 

elcpham. and nuui, to twemy-five in the opossum, Didelphys kenseli (Ftg. 
161). Camivorw usually have six or right; mdrnis, two to tent pig^-^ right 
to ten ; and niminants, four. In those species where several yniing are bora 
in a litter there is a correspondinE provision in the numljer of nipples. 



Fig. tad. DiiKiTnin <if the evo- 
luikm of thr htrimat gbadi, 
puuilaa in ainphibioiu; 

In repiili:s aivd linds; c, In 
rrutii. Sometimes m man die 
IderlmaJ gliiiifLi stt fautid lo- 
cj»trd in rhe poiitinn. 

^.iVrtcr Wtedersheim.J 
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The numhtf of dt£€ts per nipph that drain iht glands h also subject to 
considcTable variatioiL. Tn mice, niminant^ and insccdvriiesj there is ofiily 
one; in the pig. two or three; and in tamivores, three to sk. In man there is 
a cl Ulster of about twaity separate ducts opening inio each nipple. 

Milk, ’irhieh h secreted by these glands, b the natural forid of young 
mammals. It b composed of water derived from the blotid stream, butter- 
fatt milk-sugar^ albiuninj and certain ^alts in vatyntg proportions^ Albuniiii 
in milk fawns rapid growth of the young. The milk of a reindeer, which 
I5vc$ hi a habitat where it is desir¬ 
able for the young to attiiin enough 
maturity to care for themscIvES as 
soon as pisNiblCi has a lar^ albumin 
ermtent. The gnincSi pig, whose miJk 
ioutahm approximatdy ten per ccut 
of albumin, doubles \ts weight after 
birth in six days, white the human 
infant feeding upon milk wiili lcs$ 
than two per cent of albumin, re¬ 
quires laO to 300 days hi which to 
double its welghl. Other factors, in 
addition to the- kind of milk, enter 
into differunce in rapidity of 
growth, hut the fact b Apparent that 
different kinds of milk are adapted 
in naturt to difTcrent requirements. 

Mammary glancfc may develop 
in varioui? places on die iBpmmalmn 
skill. liVtUnces are recorded in medi¬ 
cal lilefature ol the abnormal cjccur- 
rence in human beings of Tnammac 
under the arm pits, on the shoulders, 
and even upon the hip$. Their normal distribution in dilTerent species of 
mammals, however, holds a definite relation to the acceatbiUty of the nip- 
pi*? to the suckling young- Thus in carnivores and swtne, which attend to 
their nurslings while lying fiat on the side, the nipples are arranged in two 
rows along the ventral side of the body. Those quadnrpeds which habihiallv 
stand whHc nuising their young usually have the nipples in a protected nt- 
uation between the Icjp, either anterior as in riephants, or p^crior as b 
cattle and hoises. while the nuisliusp brace themselves on sUlifike kgs ^ 
tho- drain the maternal uddeis. Arboreal animals that hold their "babes m 



Re- IGO, Diiigram of a human mam- 
miuy gland. {Fiutn Woodraffp Jptiwia/ 
copy right 10^1, by penai^ion 
of The ^^acTni!bl^ Ccunpatiy, piihliahm. 
Altcr Gcffubu) 
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amis'' luivt located pectoral nipplea. Mankind, with a prob¬ 

able arbareal ancestry*, iibo hitsi pectoral nipples, TJic grotesque ,'«a-eow^ 
whidi enfold tbeir single offspring beiwcen their antericir J Uppers and 
""stand" with the head elevated out of the water, likewise have pec tom] nip¬ 
ples. This cirvnmistance ha:? no doubt t-ontributed to the memmid myths 
among sailors who have chanced to glimpse at a distance the ifitimate family 
life of diese rare strange creaturea. 



Fi|(. L&L ArmilKic- 
mtm of nippicft 
in Didflphyi hm- 
ifli. (After O- 
Tlwitijm) 


Fi^* IfiS* The ftjHugr lemur. 
piikrcut, "h^ktoic odipnug Htnrally 
diag for dear life Ui tlic brcdJlj yf 
thdr iit^ppy molhm.” (After iUJz- 
heuDer.,} 


UnUkr the young of the sra-cow^ the baby whak (Fig. 74) is a marine 
trailer^ for the matertial nipples from whirb [t seiitires milk while navi- 
gating the liigh seas arc ^tuutcil far faosierlirjT an cither side of the sexual 
ofiSre entirtdy out of the mother^s siirht, in pockets which fjt over lijc ^mout 
of the baby whale hi such a way as to minimi«: the chanct: of the milk 
becoming too Tiiudv diluted with sail w atcr. 

rhe fipposiite extreme to the posiiioTi gf nipples m die cetaceans if? found 
m the topey^lur \7 bats am! nyitjg kiitmix (Fig. 162>, whose ofl^pring btcndly 
cling for dear life to the biriisis uf iheir aerial mothers, die accessible 
nipples of which ate axillary in locatbn. or under the arm pits. 

The dtir^hpir^cni of ihr motnfnury apfutnUm ts mi tinted liy the forntn^ 
don of an epidermal ridge down dther ride of the belly from axilla to groin, 
called ihr milk4int ita^e \ Fig, 163 k It appears in man near Lhc beginning 
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of the accoml Tcui mouLh when the embryo Is still less than hall an inch in 
len^h. ‘rhe milt-Une stage is succeeded hy the miHc-kill ilitgt (Fig. 163), 
which results when the epidermal ridge i>f d'c milk-line becomes absorbed 
except for a beadlike row of rmmaftts. each one of which rnarka iJie pos¬ 
sible ItKaiion of a future mammaiy gland. Thew tiny tnillt-hillfl are compact 
mafses of cells that laltr sink down into the underlying tissue, Ica'cing no 
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viisiljlc trace of the de^loping mammaiy appamtns. The doohle row of 
depressed “ hills /' ihus embedded in thr tnrium, becomes the milk-field stage, 
As the leveled hills of the niilkdield stage sink deeper and bernme valleys, 
there ia formed where the hills formerly were a double rt>w of pits along the 
bteral walb of die IieJiy, converging postciioriy from the anterior region. 
This representB the mitt^pnekel stage .Fig. 164c). It is the cells ihui line 
the ada and bottom of these milk pockets which duetily givT rise to the 
mammary glands. 

In forms that do not have two complete rows of nipplrt. some of the 
pockets fail to develop, in man, for cstamplc, it is the fourth pair of embry¬ 
onic milk pockets at the anterior end that become the peimancnt mammae. 

The final differentiation of the manunary appanilits takes place when 
the milk-pocket stage is succeeded by the nipfile stagf. According lo the 
two ways of their formatUm trtit md faise nipples are distingiiishtd. .Among 
Tnarsiipials, rodents, and primates tlie floor of the milk pocket, into which 
the ducts of the mammary' glands open, devates, carrying the elongated 
ducts of the milk glands with It. thus causing them to open at the dps of the 
true nipples. In the case of /drtf nipples, which thameteriae pigs, carnivores, 
kurses, and ruminants, the floor of the milk pocket with its ducts mmaitu, 
unelcvated, while the margins of the pocket pull up all aimmd to form a 
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buUow nipplCi There is thus formed a Becondary tube or eloiif^iion upward 
of the TTiitlc pocket Itself^ called the milk cufiah into which the mammary' 
glands pouf dieir secretion* to be pumped to Lhe Up of tbc fabc nipple. 

The manunary apparativs develop equally in both sexeTi up to the Sitnc 
of puberty, when it degcncratca in the male and becomes poTcntialJy futic- 
L tonal in the female^ The male may produce milk, as in the mono- 

tremc Echidfiaj^ and also in ejcceptinna] instancH among higher 
even in man. Such abnormal behavior h termed synecomastiim. 



Fig. Ifrl. Developtitetu of ttie niaramary |taiicU dl^LgramniHiie erm 
uecucin thmugfi the milk^llnc (Fig. m, the epidertnal rnilk-Jine:, 

nftef hreakuig up lUUi =i chain of Isolated fullk-hilb (Fig. 1U3 b) has simt 
diiwii toio the <i:»riiim {dfiitcd] aasd i« no iujiycr apparent cxtcroylly, 
ihm fotmlng the miEk-held stage; the levelled area, where the indk-hiUj 
Werc^ focc<sfnu3 ckpreur^fh c, fcurumg the lniJi-|a<i 4 j[rt stJige "I’he umketl 
epidermal plug jicnctratei sixU deeper Incti the rariim, pvin^ me lo the 
majnrtuuy ghinfk d, prelinnriary indilFerent milk-puckcl itiige, with the 
two lunger armw^ indarating ihc dircctiDo qj cptderm^il growth that 
leRiita in thr fattnatiuji j nipple*" while the *hnrt arrow show* 

how the *"lnic nippEc^ lortm; e, false uipplc, with ducti of the maimtiaTT 
gtiuid opening at the bottom of m milk-eaisal; true nipple^ hiih the 
ttwnmHr)' ducu openinf directly at the lipL 

In man as wifU as oOicr mammak, exua nipples ikyperihelisTn) (Fig. 

165) nm infrequently occur, as also do extra breasts (Fig* 

166) . Such pcTsistent cmJbryonk relicB, particularly in tlic case of hyper- 
thelisni, occur ejuite as often in trials as in fenialcji. Usually these super- 
numerary parts are arranged along the vankhed embryonic milk-licc. 

The tnanunary apparatus of moiintreuies presenis many cxceplinns to 
that of other mamnuils. Instead of being alveolar in form the mammary 
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glaDtls art branclied-tiibulaf, producing a sort of nutritions sneat natead 
of the usual milk (Fig. IG7)* No nipples are present, tufts of hair semng in 
their stead. The young mutiotrcinc docs not have lunscuiar tips and is fur¬ 
ther handicapped by a homy Iteak. In conse¬ 
quence It is quite unable to suckle, so it licks the 
nutritious sweat fTnm the niakeshifl tufts of 
hair on the rnothet^s breast, with its prntrusihle 
tungue. The skin on the belly of Kchtdno forms 
a temporary pouch, or fncafrflfofinw, that sur¬ 
rounds the niamniary area while the young are 
being cared for. Into this pouch is deposited the 
single Icathcry-slielted egg, which soon hatches 
into a very premature helpless embryo, there to 
undergo the pirlinilnary perils of early dc\d<Jp- 
meut which other nuimmals accomplish in 
grcjitcr safety within the protective uterus of the 
infitllrr* 

Even an incubatoriuni is lacking hi Otviitkof- 
hynchus, which tamuthv its egg In a hole in the 
jlToiind that seras as a nest. Tlje ventral mam¬ 
mary area is depressed, as in the inilk-pockct stage 
of development, and from die depression tufts of liair project, which serve 
as nipples- It U pmbabtr liiat gytiecomastism occurs in hotli £'c/ir'(/rtn anti 
Omithorhyndiuj with Iwih parents sharing In the feeding of the young. 

Most maisiipiah regularly possias a permanent pouch for carrying the 
immature young iFig. 55c), alihnugh Iretwcen incubations k may decrease 
somewhat in sire. In the Bidciphyidac to which the opossum belong, the 

marsupium. or pouch, is mostly wanting oi 
represented by two ioagniflcant folds ol 
skin. True nipples arc prrsent within the 
matsupium and typical milk glands supply 
real milk. Hie nipples ptojci;t, however, 
only during lactation- At othir times, like a 
disappearing gtin. they retract within a fiui^ 
iT-uuding pit in the skin. The young marsu¬ 
pial retaiof its hold on die iiipplt within 
tlte enveloping edge of the miirsupiiun by 
muans rif pKnvcrful muscles iiroimd moiuh i Fig, &4). M first v^utip 
animal is ,w. lidplttw that it tan otilv ijiay pjissivdy attached tr> the nipple, 
and it h necessary for the mother to pump the milk down its waiting throat 
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by of the contraction of breast mmclcs. Liitcir as h bccnmfis able to 

use is own muscles and ncr\n(s, it feeds itself as ordinary nianimalinn young- 
stcis do, by its owti efforts. 

Yooiig mataupliiU, cSTtt after they attain considerable slisie and have 
gained same degree of independence^ are glad to 
retreat Ltita the maternal marsupinm on the 
proach of danger. 

In placental mammals the marsupial poucli 
dkapprai^, since the fetus h cradkd in greater safety 
within the ntems until at birth a stage of dcnbelop- 
mciiL lias been reached that makes bodily protection 
on the part of the mother less mperativc* Tlierc 
aie^ however^ certain dim vorushing nrmindmj of 
a tnao^upial pocit:l around the nipple even in the 
h Liman emhryu, for al about the begiutung of the 
flcecmd fetal niondi^ n'licn the future mammary 
appataUis h being set up, [here dcvcltip around the 
milk-hitla transitory epithelial tliickciiin;^ that pos¬ 
sibly represent the lost remnants of an ancesiraJ 
marsiipiiun [Fig. I 6 B)* 

The long period of obligatory milk-ftcding 
among the hij^hcr mammals not only aBows ample 
time for more extended development of the young but is also a necessary 
preliminary to the invaluahle of lemming through prolonged asso- 

ctatjon witli the [jarent. This pppLirtunity b denied to all those unmothtred 
lands of animals that arc liom equipped with initinetji which make U un^ 
necessary for them to kam how to live. The dominant mammob are fortu- 
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Fig. 168. Rcf<*iiilnictipn of iransiwry rpllheljal tEOirmrea aromid the 
mbitiuiffin fbmch m rhf nldu tiF a hxutiau (ctui h6 dayi old. TTic dotiial 
cite In rrpmeui ihr LifC4 vi^Urre iht iKiddhii^ arms juioed iIk biHiy, 'ITic 
two litifr bJark rinff m tlic qildcmujl "ailtk-likllj" thcit arc to give me 
to I lie manimary ^fandi, and w hicb liUnCr the pEmiion of ihe fiiiurc 
mppirk. T\it twcmy^nc tTiiiillrr black dorp arc epldieliiil ibi4(enirigs 
aiiiiiiul tlir nipjdri^ which may he the vuukhin^ ncTmuinJi of imccitml 
mimupUi pudictL . After Wail^^ iti Am: KXIl, t9Q2_5 
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(tutc because they must wurt out their salvation by learning hoWf jmtl have 
been cudovred with (he capacit)' to do iL 


2 . Scales 


(fl j Fbhis. While every cbsa of wrtchniies except cytlostomes hiis iwimc 
representatives with a scaly skin, the prtsain: oF scidcs may lu' rcganJcci aa 
the miifit notable motiiJicatLon tif iJic iritCfiiimeiit of fehrs and nTplilcs- 
Whenever fifilies lack scales, as for csamplc many Siltiriilac and certain 
hotuitn-fceding forms, it is to be rcgnnled its a sctnntlary motliTicatkin and 
not the primary aticestral conditinii. Even in the case of the app+umtly 
naked eels, dny vanishing acalrs appear for a time in Uic cnibryonit stages, 
ITierc arc at least four general kinds of fish scales uf particular interest 
to the compoiativc anatomist, uamejy, ptacoid-, ganoid, cychid, and ctenoid, 
not including bony dermal plates that teached a high degree of ebboration 
in extinct ustracodemis (Fig. 17), and other armort J fishes ol early giulogic 


timcA. 


The most primitive fish scales an? placoid, appearmK first in the ancestral 
sharlts oT the Upper Dcvtjnjan times, and found itnlay ammig schuhian* 
generally. In strm lnre a plaroJd scale consists of a somewhat Hat, basal plate 
oriKinatitig from the cnriiim and aiibcddcd in it, and usually carrying a 
spinv projccliotl of l.xjtlilike dentine capped with a hartliT suhstance coti- 
sickred by some observTfs to be enamel, formed by epidermal ctlh, but 
H'gardcd bv others as a spcctnl tyiJr of dentine, ptaduted by dermal cells. 
The ubxiwus tnmrilion in both structure and pi.!iilion front placoid scales 
of tlie skin on die outside of the head, to the rowTS of teeth within the inner 
of llie shark's j^ws is flO 
tnntiniioiin cind luinii-’itatablc that 
r 'tb may tic f?:gardcd as modified 



plat old scales Fig- 16-1.1- The 
hiisal dcmiiil plate of tlie scale cor¬ 
responds to the nxTft of a toothy 
while the pmjcction of dcmtinc and 
cfiamcl arc quite like dniiJar 
familiar parts of a typical tooth 
(Fig- 240). These rehiricmahip« 
not surprising tt* one who temem- 

bms that the lining of the atitmor part esf the digestive tract, formed from a 
siomodacal bvaginiiiiont Is! rrjiUy modified epidcTmts+ 

Plaroid scales m dogfishrs and sharb arc uMially sniall and cliwly set 
without amijilly owUpping, although their backward-projecting cnamclrd 


fig, Dbgram nf tht of a ihatk^ 

jpw% to ibrtw the rcLiidi>n of plarcMd scslet 
and tu to<nh in service wt ihcr tdp: 
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spines aid in effecting proiection of the spaces of skin between the embedded 
scales. Pavement scales of various shapes may give added protection to the 
must exposed areas. Hefott the inventitsii af sandpaper and emery cloth^ the 
rasping "Shagreen'" skin of dogfishes and sharks, which is covered with 
thick-set placoid scales, was frequently iLscd by cabinet makei^ fur 
putting the final smof>th finish im wooden surfaces. Quite large platroid 
scales equipped with lagged spiii^ appear in skates and rays and jure often 
localized in certain exjMsed areas, as down the medkui luxe of the back, 
leaving scaleless patches of skin improlccied. 

G/inmd nates of considerable diversily arc tiic common characteristic 
feature that stamps the gunnld fisheSu The few genera of ganoids living In 
fre?h waters today are the last survivors of a large pfjpulnus and dJM:riified 
order of fishrs which orlcc ruled the Devonian seas, lltctr scales furtiisli a 

variety id form and stnicture out of all proponinn 
to the tnitnbi^f of spedcs involved. In the sturgeon* 
Aeipenset, for example^ they are largo kolated liony 
scuieSt nut entirely covering the skin but locttled in 
exposed siiuatlum on thp body where there is the 
greatest wear and tear, tike the tqwst of bra^-headed 
nails decgmtjng the edges of groat-grandfathc/ft 
chest. 

In the garpike^ Lepidosteu^ ^ f'tg, 170 ], on the 
other haniJt as well as in the related forms 
mciehtkys and Polypterus^ the scalejfr arc hard pol¬ 
ished rhombic plates fitting edge to edge^ or vtry'^ 
djghdy imbricated one over the otiifir, thus forming a rompkte armor. The 
skin of the spoonbill sturgeon Polyod^n is almost entirely ivitliout scales, while 
m dmia modified ganoid scales occur on the head but only cycloids in the 
trunk and tail regionsv 

'Hir Atolcfs of fossil ganoick are quite large and platelike, Jicst as in living 
jiUTVIveins of the grcuip wbcie scales that cover dse head sometimes become 
entarged into dermal scutes which take pan in the formaLbu of the investing 
*fcuJJ honci. 

The outer surface of scales of this type is ccmpH^sscd of g^iti>/n, a hard 
shiny substance secreted by ibe coriiun^ mi ai all hniriQlogoiti W’ith ihc cetn- 
dcTtixo] etiaJtirl that caps platoid scales. This matriial is not preset, how¬ 
ever, on the ganoid scoloi of Adpemer, Seapkirhynehui^ and The 

main unHirrlyitig part of gannjd scales b made up of is&pedin^ a connective 
tiaaiic substance in which bone cells are embedded and which like bone b 
penetrated by Hav'trsian canals comatning capillaries. 



Fig. ITfL Ganoid £calcf 
of JLepfJfljtciir. Thtee of 
dirui air periof^ted by 
upciimg!i of llie laleroL 
line orpms. 
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Louis Agassiz distinguislied two kititb ol scales in tclcosts, wluch be 
named cycloid and ctenoid. Cycloid scdci. as the uaine iDdicatcs, ajre 
rounded in shape t^Jg- thicker in the ccnicr, thimiing out towards 

the margin. They overlap Ukc shingles and if .'{pteiid ov^ a s!irfiu:c like 
ganoid edge to edge would much more than 

cover the body. They aiT) hDW'cvcri embedded in 
poebcis of the coriiim with only a part of the oiiicr 
:(ntooLb margin exposed. Since they project diagon¬ 
ally at an acute angle with thr surface of the skiiii and 
overlap their neighbors, the entire body is protected 
by at least a double thickness of scaly' armor at every 
piiint, PresentHfay bony diptioaiw as well as Amia and 
snnjc tclensts have cyclnid scales. 

Ctenoid (“comblikc”) scatei, also rounded in form, 
have m addition projecting teeth on the surface of the 
exposed areas fFig. 172j. All uiicrtnediatc types be¬ 
tween the cycloid and the ctenoid stages arc to be louiid. 

Ill Sntiie fishes, as for example certain flounders, the scales on the upper 
side are ctenoid, while those on the under side are cytbid. Of tliesc two 
types the cycloid bcuIc is the more primitive, occurring first in the fishes of 
tiic JiirasEic Period, while the ctenoid type did tint appear until Cretaceous 
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times. , 

Bcjth cycloid and ctoiold scales are cniirely dermal in their origin. ITic 

seteto blasts, or scale-forming cells in the corium, lay down two layere «f 
different substance in the formation of a scale. The outer 



Tig, 172- Ctcii' 
Did fculc- ( Alter 
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byer i» homogeneous and. bony, while the under side is 
fibrillar and cotttains calcareous deposits. Such scales iti- 
treasc in thickness and area by the activity of the sclent 
blasts, successive additions being indicated by concentric 
lines of growth like simibir rings of growth exhibited in the 
tress section of a tree trunk. Inasrottch as periods of growth 
alternate with comparative inactivity in the ease of meet 
ashes. ar.i:«rding to the seasonal variation, of their food Supply, it is passable 
to the age of a fish by an cxaminaiion of the diary-like lines on 

Its scaIcs. 

In addition to marginal lines of growth, certain rodial grooves are also 
present, c.TUM:d by the failure of the outer bomogcneoiB layer of the scale 
to be deposited in tliese places. Such radial grooves add somewhat to the 
llexibilitv of the individual scale, a very desirable feature mice tdeost scales, 
although thinner than the edge-to^dge ganoid type, by reason of their 
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ikhingling- arrangemeni^ fflrm a doybifc i!ii\-clopc over ih^ imdi^rlyiiig 
iJmt tnight barnprr frtT nim emenl. 

Some rdeost fishes^ for txmnplc, Lhe pSpcfkh Spign/itk^u^ and its ciiriDus 
relative^ lhe scahoise Hipfior{impus, do noi have overlapping scales bth 
instead arc encased in a £;uiras$ of bony pbt<^. 

11} Antpbibiaiis^ Scales in ail modem amphihiaits are absent^ except fcjr 
the tiny bands of scuira eml^ddEd in the akhi of tin: trapical [cglesa r:aFriU?tfiiB. 
I Fig, 148)* 

The extinct fitegocephala-tiii that flourished in Devcmiari tiiiics char- 
acterbed by bony plates in the ddn, particnlarly cm the %‘ejitral jdtk taf tl>c 
}>ndy, 



Fig. 1/5^ DSiWJiJiiTTMlic iMi^iliiitmLil thriyui^b rrptiltan uitegti- 

ineni. Scale* ckcciir ai IfscsJhcd rhkkeniags fif tlic cameiiJ layer fli the 
epifJmnlf. >^,AfE4:r 


[f 1 Kepdtrs. Reptiles arc represented today by only a few divergent 
irpeeiidized types^ namely^ LLzjrdSj ^akes, turtles^ ciwodiles, alligator, and 
Sphmodon. StipcrficiaJly quite unlike each other these survivors agree, so 
far a$ scales are conccmcd. In the pmlominant part that the epidermb playf 
in their formation, Suistl demiaJ plate^i or sunken in tiic conum 

juid spaced with much jT^gidarity, are present in most reptilian species, 
although many lizards and makes lack them. When present they are crnTred 
m'et liy a conthmouji layer ol epklcrmipt in which the dry outer comcal 
part Itetomrs thickened or embossed w'hertrv'cr k covers an osside. It is 
thinner and more flcxJbic between the thickened parts nr itcales of the 
cpJdcmik* thus allowing aomc firtTloin of mmenunt < Fig, 173 U F.ven in a 
skin without o^clcs the cnmcuni tlLickro.s into epidermal scales that hang 
together in a contlnumis sheet. Thus they form ftn unbruken armor in which 
the fiinniit fjc scraped Icjosc, ha may the separate independent dermal 
scalt:^ of tdenst fishes. 

As already meriLionrd the rittfre dry romral part of the $kin of snatcen 
prrkKlieally locf^m and h cast olL Such is tint the procedure with turtles 
and alNgatcnrSj for m these animals the eorncat scalu that overstprtad the 
derm^d pixucs m the skin are discontinueuit and the demands of iiirreasing 
sire are met fn coneentrie tnargttiaj itirrcmtnts of igrnwth which are added 




A lack of vUi Tmdes^ 

to each scale^ JThe highest de\iclopmeiit of ilib underpiniiiiig Ckf U 

reachtd in the ain^iirecl turtles^ although some of the extinct dinrssanrs were 
earfully and Vi'anderfully madi;” with respect to dermal scales^ 

Many reptilcp, like the *'homed toad^'" Phrynowma^ and Sph^nad&n 
■ind the aUigntors and owodiJea^ exJiibit Fpinc^ or cnihocciJed patterns on the 
epidermai scales, while the head of a snake, which has to poke about 
bcLwcam ofastacles« is entirriy enj>iheathrd by large platclike i;cales> with the 
sense of loiidi that is therch)’ uchidcd from the surface of the head trans^ 
ferred lo tise lidicatc protrusibic tongtic. 

{d\ Birds. "Ilii rc b very little to say ahoni scalf^ in the sfcin of birds, 
since aviation has no tisc for such heavy" diiiiisy simt^ofeSH Only on un- 
feathered aT^aB+ such as the shanks and around the base of the beak, b the 
rpidemiis thickrned and corn i Red intu &. setnlilancc cf nqrlilian scales, and 
tiowhere iJo deittiai ossicles occurunder comcal thickenings. 

Mantmals. Scales, alihongfi generally repiaiird by haljrs in mam- 
niak, «ti]I persist in a nmnber of instancea. AfamniaJian scaled are epldumaJ 
like iJi™c of reptiles. 

TTifiy are large homy and imbricated hi the scaly anteatcr, Mujib 
fFig. although absent un the vcnirsil side of tbc body* During eedy^ 

Jhey are slied and iTnci>xd singly. In armadillos no el■dy^ds occurs but 
grow'th is pccominodiiled within the ^lelclJjke acmcir by miuginal accteliou 
Cjf the separate as ki turtles. Areas of bate akin betwrem the rows of 

fA'.dltA permit these atiimab to roll up into a ball for the purpcise of dcfcitt:c+ 
Their fo^il forcbeai^ the giant piy'ptodnns of South America^ could not 
roll up, btrt their thick fiisrcJ scales made &uch. an impenetrable barrier, like 
that of a war tank, that they must haw^ bem pTactJcally Citmiv'orr-proof- 
Tlic fact that telltale hairs projeczt between the scales of arma rblln s pro- 
ebims them to be manimaK althungh bciiring a “wolf*^ clothingf’ of sc^i^ 
A great %nriety of mammals have scaly tails rrminwent of earlier fort- 
bears, ihe beavert mtiusc^ opofisutn, mole, shrew, and iirriam kmum- 
Si ales even appear no ihe bark of the paws of moles and direws^ and it will 
I Hr iminnbcred that the fetusrs of Lhe brtwn hear and Emojaean hedge¬ 
hog (Fig. 150] testify to sonic sort of a 5Caly patiem in ihe past h> develop¬ 
ing transient luieli^s? cmbryoniG ^riles o^'er the back. Only the animdilW 
lia\T l)ony plato beneath their scales. 

3, Hums 

'Die earllesrt known horns appear ^ bony projeetJOLns on rhe heads of 
certain ccratopid dinosaun; whose ftkektons have been recovered from the 
Cretaceous beds of North America, For instance, Triterat&pi, ns ii? name 
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ijidicaics, sported a hom ov-cr eadi eye aJid a ibini nne cm its nose (Fig. 

36f and a)p Even amoQg modem reptiles iheie aie a few rare btzarre 
lizardfi with Acjse bortt^ for example ChamaeUan ou^eni 
and Cernti^phorn slifddu^ti (Fig* 174)- The “luittied 
toad^* Phryn&soma. (if our southwestern desert region^ 
al 5 i> a lizard and nut an amphibian as its name would 
imply, is another reptilian spcelalki in horns (Fig^ 43). 
Aside from these few cases of horned lizards, hums are 
peculiar to mamniaL^ and are coupled with hools that 
characterize the ungulates. 

In rarly Triassic Limes certain ungulates tliac lived 
in North America outdistanced dinu^ars m the num¬ 
ber of their horns* DtnoceraSi for example^ had six large 
horns on ilM liead. It b probable that these conspicuous 
bony proieetions were capped over by homy sheaths, althcnigh positive 
evidence b not fumbhed by the fossils of the^ animab* 

There arc four general kindx (rf ungiilate homs known today, namely, 
keratfit-fibcr bonis, andefB, prongbomSp and hoUnw harm. 

(a) Remun-Fibrr Homs^ Keratin-fiber boms arc made up of hairJike 
fibers produced from the corneal layer of the epidermb atid cemented 
together in a hard lompact mass. They are enlirdy epidermal and h^vt no 
bony (orc* The Indian rhinoceros carries one of these horns on its **ndee," 
as it^ name indicates (rA/na^ titise; ^eTOSf ham), w^hile die African rhinoc- 
ems haa two, arranged tandem-fashion iiL^^tead i>f side by side in the con-* 
ventional way of paired structurs (Fig* 66c and o). It is reported that Bos 
trisetoSr otic of the kinds of native African cattle^ abt> has a median hom of 
thb etirioivi type^ as iti apcdcs name indkates. 

(fr) Anilen. Antlctii arc commonJy borne by the A'arious reprnscnUajivBi 
of the prolific and diversified deer family (Cervidael ^ ordinarily only by the 
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males, but in the case of (he reindeer and the caribou by both sexes. They 
consht of bony oulgrawths from the skull, which at fimt are entirel>- covered 
over by hairy skin. While in thai condition a filai; h &ajd to be m vdvet 
I Fiit. 175). Later the skin dries and become* rubbed ofl, leaving the antlen. 
as imadomed bone, at which time h is incorrect to include them among 




fig. 176. 
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Diagmnu showing hiiw anilcn arc «hnd. tAftcr Nitiche.J 


mtegiimental siructmes. At (hr end of the second year, before the matmg 
sra.son, the amlera weaken at the biise next to the skidl by the 
down and alteurjithm .d some of the lirmy tissue, and are broken off. I he 
surrounding skitt grows over the wound thus made anti a new pair of antleis 
ixW’ grows out (Fig. 176 ); this time with an addinoiol prong. 

Thereafter each jsucccssivc breeding 
season is celebrated by new antlcrx, 
iniially with a regular increase in the 
numljer of pnings {Fig. 177), This 
physiologically expensive pmcisa of 
shedding and renewing the antlers 
dttcs not occur in castrated bucks, 
which Is eridence that it is determined 
by the secretion of sex hormones. Fbe 
antlers nf the fiwsil Iri-di elk that mice 
roamed the bnglands of Ireland grew 

a» ™'*' “',T •; 

!■:» Ibtir »»> “ i" "* 

"tamlic drcT." tl.. ginifft, has iswhhy pair nfsi^k iu-a™ dial 

v. pfrnuncni. and lamain in vrlvM Uinjiichoin life (»>8- «8n'- 
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Hie lalcml pTun^ of the rdndcer's antlers (1%. 5 L>a) arc greatly^ flat¬ 
tened, servius as sriow-siioveb to aid iliesc atetic dwellers in getting at the 
snow-cuvmd “reindeer on which they feed m winter. 

(c) Pjrnnghoms. There art two species of ungulates with pronghorns, 
iTiey arc the prougbtini antclupr,, Aniihcepra americana (Firs, j78 and 
G9 f), and tiic “saiga, .uitdope" of the Russian steppes, Cotas {aturiia, boiJt 
t>f wliich ^63css pcmiaiieni bony horns covered with a thimblt-Iihe sheati 
of homy integuutent that is pcriuOicaJly shed and renewed without the 
loss of the bony eorc. 





A B c 

Fig. ITB. Hdtn fniTOwti™ in the prruijihmi anteJnw, Antitptanra. ^ 
Mppc4rni)E>; tiinrriy */trT dinJrfifig the eomigetj iatci^uaicntarv "thinitiJe"' 
B. later itagc wj^ jt nrw ^-pJdrjrtial “thiintjlfl'’ formitig wirb aji aiA 

mltcjidy ifmntd wuhiiL (Mtcr N:i tu-hr \ ^ 


kdtow ,rf dimjcaic and wild canln. ahaap, ,„d aarcl™, w hidi 

^ usujiih- pn*wnt uj both 

I'niitc pronRlionis. Jiolkm hnna arc not pnriodioallv lircd. As dm laini 
wcarc away „ „ „rcwnd frcn, .hn ll,lp!gt,ia„ Uya, pf ,k, npidmnis. just 
as m, Ollier d™) earned stmclurr is rcslnrcd /rora will,in, ,ht hollow 
c^l layer firnns otto- a corn of living bona ananhnd ,o dir. tronnd rrg on 

HoJItm horns do not branch like anilen, and pmtighoms, but thev 
os^tn^ « constderable vanet v of fomts all the way from the majestic gracdtil 
sprraij ciL^rtenstir of the T«as steer of llie ninge, to the “cow with tlie 
rrumpled horn " Polled, or homk-ss cntlk were kmwn long before rjltk: 

^Ikd rr? t 1 PaJacrtliihk 
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4^ Digital Tips 

With the exc<;pttcin of the amphibiaM, the tips of the digits in those 
vcrtcbraies that have iiagefs and toes are reJiiIoreed by hard integumentary 
siruetufes, dther daivs^ naOs^ cr hoofs. Although amphibiaiks do not have 
true dH¥iis^ a titickenhig of the cpi derma) eomeaJ layer at the ends of the 
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Fig. |7?L Diiigrtini oT bard digil:d tips- 1 After BdlKrblL) 


tmgcris and toes h a prophecy of clnw^ to enme later in the vtrtebratc series. 
In die African tnad X^napu^s, and the Japanw salamander Ony£h&dac- 
lyius, these rpi dermal thickening asm me U^c derinitene^ of actual claws on 
Bomt of the digits 

(ifj Claws. Thr typical dnu} of a wtptiU (Tig- 170> a) may lac re¬ 
garded as being made up of two sfalelike hiimv plates^ dtitml ami ventral^ 
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50 pJ^d as to converge to & point at the end of the digit The convex dorsal 
platCt uttgutSf. is rotMidcd in two dircctiatiB^ towards- the tip and towsuids I he 
lateraj margins* The StTnallcr ventral phite, mbunj^uisy which is pinched In 

between the laicr^ edges at the ungum, is tnore 
flattened and of a dense testtutc. Both stmctuncs 
are produced entirely by the Malpighian layer of 
ihc epidermis, 

Tn mnsi; cn^es the edawE of falftls are confined 
to the toes^ although Afchoj^opieiyx^ the oldest 
known liird| had three finger-claws on each wtug, 
while sottifT existing types of running birds (jfJirli* 
), have claw's on the degenerate first and second 
fingers. The young hoaetzin^ of British Guiann, also 
has dawi on its wings which enable it to venture 
IfTTtn the nrac and scramble about in trees ou 
fours” like a Ikard (Fig. ISO) 

In generaJ pattern the cteuvs of 0 bird are rep¬ 
tilian, although assinning a wide variety of forms adapted to cont^^pandingJy 
diffrreni functions^ The sfiarp^ slender cLiws of a wcHulpecker or chittiricv 
swift are d&rigned for clmging to mugh surfaces^ the blunt scout daws of 
the djjmc:stie fow 1 for scratching; the 
hcKuk-tikr talons of haw kit aLd owls for 
grasping prey {Fig. 149); while the 
long ^^txn^g^u claws of the Mexican 
jacana [ fig* 181) 1 the ends nt clqn^ 
gated toes, enable tltii! tropical species, 
in pnmiil of its insect prc>^ to ^Od ov^r 
unstable lily pads that float on the 
surface of tiir water* 

Certain species of the grouse 
family (Teirapnidael undergo a po 
ricidic cedysis and renewal of die en¬ 
tire tbw, a reniiiuler of the changes 
undergone by other cpidermai stnic^ 
tures^ such as die thimblcdtkc cap? im 
the hontfi of pmngJuma antciopca, or 
the corneal tiiyer of a stiake^s liin, 

dawi co™ the teminaj bony pM^nx of rich digit They 
rorvwt i. Fig. 17^1, n i of the and subunguis of tfio reptilian claw, and 

ui addition a tcnrniml peuf. or cushion, Just Whind tht claw on the ventnil 



Fig. tflh Mciicaa Purra, wiih 

lojig iTnuyht cliiwn whirh increase It* 
jabSlity to nm oier lily pads wiliviut slnh* 
ing uUe^ the xvjtcr. Tlie mule alsd Uii* 
w^iiig-ipiir$ with which m hcbL (After 
Pb*t) 



Fir* JBO. Yming ho^c* 
t £ i El I Ophihoi-omur^ 
climbing u trfe hy meant 
ol djiw* mx wbigB. (After 




A f^k of Alt Tracks 





Fig- 1B2. ft^tracrilc claw i>f a 
cat. (Aficr 


silk of the distal dp. Since the animal hcacii it^ weight un these cughimis, 
the coroeal layer that clothes them is con^derably thickcroed in consequence. 
Usually the dominiuit unguis lx^comcs laterally compressed and curved 
domi to a pointy with the rCTFult that the ^iibunguis murh reduced. 

Tlie claws uf a cal are sharp and retractile withiu a protective sheatli 
(Fig. 182)s thtis beiug kept unw^ojn to be 
extended for use only in emergencies. The 
claws of a dog are less pointed and mtue 
exposed at jdl times, particularly so when it 
ruiLBj for then tliey may come into contact 
with tbe ground, despite the presence of 
pads. 

Bats and ^loth^ have claws 

dcvclnped inio elongated hooks which^ al¬ 
though making locomaticm on the ground 
awkward and difTniuli, are very useful when these animal:^ hang thenwlvc* 
iipe^tde down from brunches In trees, as is thrlr habit. 

There art two striking modiStation^ of mamnudian dawn, n.imdy, 
liixifs and naik, fn the fim the inigua thickenfl cnormausly into the 
fihodike hoof^ which is so convex that its edges reach all the way uround to 
the ventral side and come into contact with the irrOLmd. 
Tn die other case the utigtiis becomes flattimed inici ihe 
conspicuous nailt and the suhunguis shrinks to u narrow* 
inrignlficani rudimenl under the prajectiug eaves of the 
tiail, while the terminal pad bccmiies tranpformed into 
sensitive haU^ ocajp)™g the entire ventral aspect of the 
digital tip. 

(6) Hoofs, In a typtciil hoof fFig. rl surh 
as dial of a die subunsnuji fills in ventralJy the 

space between die hiteml edges of the unguis, and the 
pad forms into a tough mafs nf rnateria) belitiid it, 
called '*io 7 s ** that scrv'cs somewhat the purpcKie of 
a rubber hcri on a shoe. Hoofs, like the thii: k-solcd shoes 
of a traffic policeman, are ii>cful in vuppnrtmg the lieavy 
weight of the body in Mich animals as si^ad hir long periods of time and 
so need a firm foundation to bear up their weighL The hea^y elephant, 
which has a hoof twi each tuc, is fxirticularJy wtU provided with •^rubber 
heels” I Pig. 183). 

The spirfootediirM of hoaled animals, like the donkey and moiidiain 
goiit, is in part due to the fad that ilw: jofttr subungubi wean* away faster 



Fig. 1&3. ol 

an elrphimt show¬ 
ing veparale liout 
ftir ci^ t*c JiaU a 
“nibbcT hecL’’ (Af¬ 
ter 
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ihaii the harder outer edge of the unfiuis, Lhus InsTiring a consitmdy well- 

shod foot with a sharp hard edge, in spite of Uetruttivc contact with rocky 
ground. 

{<:) Nails. Kails t«.ciir In man and other primatfs where they reinfori'c 
and protect die sensitive finger p^nis which play such an incalculable r^te 
in life. A person whi» attempts to pick up a pin. for example, with the fuigerr 
encased in gloves quickly realizes how much these strut- 
tures can aii 

The human oail^ which corrcfipouds to the unguinnl 
pair o/ ibc cLiw flattened out, h made up froccL clnsclv 
competed cpidtnnal crlljs af the stTutum lucidum, tlmi is, 
the lifeless remaiui of what were once Malpighian cells. 
During its growth the distal pan of tlie imil ts rontinually 
advanced inwiud the tip of the finger or toe hy addj- 
Lions fTom a thickened germinal matrix of Malpighian 
rcila at its liase, the position of whirJij particularly on 
the Uiitmb, is maikcd hy a while half moon, or luttulti 
iTig. 184 j. 

The pinkish color of the nail, a^de hom the lunula, h due Lo its tran.-^ 
lucency which allows tlir blood hcticath to show through. The lunula Ls 
white iMcausr the ma» of Malpighiati cells iomiing the nait-bed h so thick 
that the Wood does not show through. Upon pressure the blood m the 
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mdcrlymg capillartes ran he made to retrent, leaving the entire nail white 
like the tun Mb so long as the pressure is maintained. Tranaiem while iiccb 
.sometime appear in fingeniaiJs, due to accidetnal aJr-spacts Imprisoned 
between the dead sralelikc remains of the stratum lucidum. 

The whole nail pushes out through a superficial corneal layer of the 
epidermis, travuig a ragged margin of corTpcum, (he fFlg- 
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1113 ), th^i may J^tn. cncmaching upun the lunula and aloiLg the q( 
the unguis. Under the free outer edgt of the nail, where die eontmuiiy of 
the cotneum \& again broken, iJ-erc « a narrow traiifijtional region which is 
all that remains of the Kubiinguis of the reptilian claw« Dirt collects here. 
The reftnrmctit of manicuring consisis largely m aneriding to the ragged 
fnunc of eomciiin through wliieh the nail projects. 




Frg^ 186, Cr^Bs sectiaa ibrrajgti the finger np of a ekitd, ihowiog rela¬ 
tion of ep!dcrma.jl luyeriji nail. epofij^luiLm li ih-c part of 
cDtneol Uyer thisl cnrmachfi iipou tluf naiL Tlw strAlunt lueklnm Fcimn 
the UiU. (Alter Lewis.) 


CoiTMol 


The rate of growth of humar? nails is rotighly an inch in sis moiitljSf ihe 
rate t^iiryijig w4th the general condition of health. A recent iltnea? may be 
jxsonJed hj transverse depr^ions on the nails. 

If human nails w ere never trirnmed or Ijmkcn, they ought theore tic ally 
!□ attain a length of over ten feel by the time one 
rradies the allowed age of three score years and 
ten- 

ill the human fetus the twenty naik first a|>F>ear 
as termiiio] amphibian-likc cpideniiaf ifiirkenmgs, at 
about the ninth w^cck. By the twelfth week they ate Fig* 107- IHt Imi 
perfectly formed, but it k consddetalily lattr wficti they 
finally migrate into then doraal position (Fig. 1S6)* ^ 

Tlie iransitjon from the lalcrally compte^ssed claws (Afia Huxley.) 
of in<Kt mammals to the flattened nails of priniate» 
k strikingly illustrated in certain Iccnurs which have daw^s on some of their 
digita and rounded nails on others {Fig, 1B7). 

5+ Mlsceltancous C!omeal Structures 

Many fisho haw homy^ epidermal, supporting rays* ^tirntn^hia (Fig. 
548) as well as Ixiny or canilagmous elements between the folds of skin that 
constitute die Rjis. 

The rattU an the tail of a ratllCTiake (Fig. 188} k a unique coiiieal 
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apparatus. Each time, as the sii^c molts the outer layer of eptdenuiSf a 
button^ or ling of romeiim, remahts hrhind to record the fact. These rings 
are dry' and tocKe cDoiigh to make a rattling noise ^hen the thrill felt by an 
excited snake reaches the tip of the talL 



Ftg, IBB- The mttle 4 
i^ttlnnAkf^ CtutMm, with 
eleven mnlo. Thr bwer fig¬ 
ure it 1 long sbovsfing 

the venehrat m hlack with 
ibe btirrry mtllev hiring IcKiKfly 
odie tiVfT the other. (After 

fj.tr niLUt ' 



Fig- IJKl. Spxr of n fight¬ 
ing Cock. 


Honiy beaks arc epidermal stmeLures diamacrfetn: of the tMthlnss 
turtles, l>irth, and moiiotremes. Among birds particularly they exhihit a 
jitrear varicry of foim, and serve a wide range nf uses. 

Seme male birds, such as game chides for example, aho ddi'elop homy 
sfiurs upon the legs with w^hich they settle questions of ijiipremacy upon the 


avian Ikid of hnnor (Fig, 1S9), The male 
jacana that strikes at its rival with out¬ 
spread whjgH is armed with effectrV't wing 
Spurs (Fig. 181). 

T"hc great sheets of “whalebone’’ (Fig. 
l&O] witli their frazzled edges that fill the 
moutik cavity of fnothles whales^ in ihr 
form of an eLaborate mechaDistn for strain¬ 
ing the myriads of s mall marine organism!^ 
upon which these gianb feed^ sire not btme 
at allf hut homy epidermal structures* Thick 
at the l^asCp each plate thins nut rapidly and breaks up into a long fringe 
of slender, closely set processes like ihe teeth of giant comhs. 

Cameb and dromcdancs are provided with thick corneal knet^pads to 
protect ifuae heavy' animab when they [lollapse t(j a kneeling posture before 
lying down upon the sands. Similar thou^ smaller corneal pads of ]i 3 * 
obvious function, called “rbratnul-H^** air found on the inside of a honH:*S leg. 



Fq{, 19 fk of n whale, Ba- 

hfnat wilfi pSam of “wliaJe- 
hone’* Inon upper ]aw'- 
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'I'hc aMiuiishiiigly cuiispicumis crinisinn and lilac Lallnsitlrf upon the 
of ™ch monkieys :ks the African tnandrifl att* still aitutlicr manifcatatioti iJ 
the. epidermis, serving these interesting animals, which sit much of the 
time perched precarioiuily on the branches of trees, as pciipatctic sufa 
ciisltions. 

fi, Featbm 

Feathers arc integnmentary stniciuras characteristic of hirdn. Strong, 
light, elastic, and waterproof, these extraordinary modifications of the 
epidermis are particnhirJy fitted to the needs of animaled aeroplanes. Dirring 
die Jurassic Period, ^vhen, so far us is known, birds made their debut In 
die form of ArekojiopteTyt Ci'lgs. 47 and 481, they were already clothed 
widi immisiakable feathtis. It is probable that these untciiic cplderma! 
structures are homologtjus with reptilian scales, although e^Tilcnce fot this 
supposition is mostly embryologlcal, since neither compimitKe anatomy nor 
palaeontology shows any unmistakable transidatial structurrs lietwcen scales 
and feathcTS. The apparent scales on the flipper-like wings of the seagoing 
antarctic penguins are not true sealed but instead art miniature flattened 
leathers, as a close examination at once reveals. 



191. A typical qtilll fratiicr Tmtii a turkey. fPrura Saylqi, Manual 
far ComlKfTaliii Anatamv. copyoRlit 193S, by permission of The M»i- 
minmi Company, pubiishcfsi 


A typical feather fFtg. 191) is an elaboration of the lifeless corneal 
layer of the epidermiH. Its ikufi hollow at the inserted etid or ^ujfl, beam on 
its sides lateral barbi from which barbutes esttentl. llie barbules on the aide 
of each barb farther from the quill bear hooks, like rmcrowropic crochet 
hooks, which interlock with neighboring barbules (Fig, 192) forming a 
continuous expanse called I be nunc, that makes a fan-tike surface resistant 
to air. 

'Fhe genn of a devitoping feather appears as a papilb of tiermal cells 
pushing the overlying epidermis up ahead of it. fhe base of the outgrowth, 
including derma and cpidenrral coat, gradually sinks into the skin (Fig- 
193). TTicrt h. thus a plug of dennal cells filling the epldmnal cavermg, 
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5*5*'f- ^ II, fl, ™«cfsKe early Etsjjci. 

l^tri n. l<trr linfic «f n down Jcsill^ 

which, at lr«li and r-r, *tr .bo^xi in a aod r, 
mpcc^vrly;, fl fiawn (caiher. after rtiptu« of peHdenn ha» pcnnfitcd 
ff ^ utrTw^m id pan of ■ qaiU, or contaur, feather, 

8"™ *P'<» l«»|rthwf« along tower side, Tlie 
barbs, thus freed, spread upwmd and outwani lo frirm the vane. 


but as tltc epidcmiw, hardening and comifying. is pushed nut friTm the 
papilU region, the dennaJ plug withdraws little by lltUe, leaving a hdtlow 
UMr^ qiuU tnaerted in the skin fFig. 194). The embrvonit feather is. 
ibcncfort at dm a tube of romified epidermis, «i fo a pit pf the cortuin. 
Uithtn the tiibttW cnibTyonic feather the wall down one side b consider¬ 
ably thirkened and later becoma the shaft fmm which the slanting barbs 
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of the de^xJoped feather ejciend cm either side (Fig, 193). The wall of the 
tube oppe^te the shafts the region of the dtsiHl tips of future barhs^ is very 
thill. It is aJotig this thin region that the mlled-up leather ruptures before it 
' to oasume its Ikml deftnile form. 

441^ thrive griieraJ kinds of 
feathers, namely, quiU^ down^ and pin 
lialAirr^, Quill feathers may be firrtbcr 
da;!sified as wingj and contQur 

f^aihertf devoted regpcclivdy to the func¬ 
tions of steering, flying, and thatching. 

Tail and wing qnilk are larger and less 
flexible than the ILghttr and more delicate 
contour feathers that serve to fill oui the 
tmevtatnesses of the surface of the body, 
giving grace of curving outlines to the 
liring bird The pan that rofiiour feathers 
play in streamlinrug a bird is very jip- 
parent when one ohser\^cs the scrawny 
body of ^ dead bird from wbith liic 
feathers have been plucked. 

There ate two kinds of dowTi feathers, namely, powder^own (Fig. 
195 and ndHsiiing-dtfWH. Powdcr-down rmthrni are diar^ctcrbdc of certain 
adult birds. They are interspersed imd concealed among the conionr 
feathr.T^i, aud arc mote abundant on the breast and abdomen of herons 


^95* 


A powder^iown fcalhrr. 
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and birds of prey than dsewhfre. The hcat’ivtiiining quality of powder* 
dnwTi feathers aids in tbr fncuhaiion of the eggs and the protection of the 
senu-naked ticstlinKs, The shedding of powdery Itiigments, dropped fnrai 
time to time, rffecaa a sort of sanhary cltanmg of the plumage of birds 

whose n^U arc panicularly liable u> become daubed with excreta and 
llii^ ri!maiti5 of ;uuniaj food^ 

Pin fi aihers. aJihough superficially tesembling halts, are complemcntal 
in struciujc to down feaOicn!. They' have practically no harhs, cotialsiing 
instead almost entirely of the shaft which is missing in down feathcix that 
aic niiidf up of barbs luid barhides. l*in feathers arc scanciTcd quite generally 
over the Ixidy anitmg the contour featlicix, although in certain birds siich as 
tlycatebcrs and whip-poor-wills, they become localized about the mouth 
opemng. serving as a “barixd wiit” oilimgie.ueni in the capture of insects 
on the wing. Jn common use, the term pin fcitther is also applied to the 
young quiil feaiheni premriit, in addiUon to Inie pin feathers, after the st)* 
called plucking of tfie bird. 

In a quill feather interlucking of the l.arfaula ore,ns rmly in the exposed 
part of the vane whicfi is not overlapped by other fealbeis. IJuring the effec¬ 
tive downward stroke of tl^ wing U, night, the vanes of neighboring feather 
cloK tip together, presenting to the air a common CQiitiniinus impcrv«H« 
surface, while upon die irtuni uptroke they iepatate somewhat, thus let¬ 
ting the air through with less nsisLmce. An entirely different iiregular 
arr^grment h characteristic of dowm feathers and pin Wthcis, which have 
nothing to do with locomotion. 

Tljc plumage of a bird rtmsists of all the feathers token together. The 
first plumage nf young birds is tl,e transient nestUng-dnwti, which appear* 
as fluffy lufo on the tips of the emerging tontnijr feathcia. In this fii^it 

'-pidermal lube that frays <im like a bnuJi 
(Fig. 193) to form the uestling-tlown feather, which hs fated to wear off 
aftcrtcmpoi^' service and be replaced by die unfolding qnifl fcalhcto. 

The maUing-dowm of the first plumage is thus neplaced by the so-called 
jriK enff plumagf, winch ;s made up of the first coat of true quiU fcathcis. 
This la^ the young bird through its fina wimer when, in most cases, it b 
rephiced by Uic nuptial piumtige that heralds the fust love affair in die 
spring In the following iiutumn. after the adventure of raising the firnt 
faimly has lj«n accomplished, ihe nuptial plumu,ge, now faded and shabby', 

IS exch.Tngcd for a potl-tiupiiiil plnmage. Every vear ihciraftcr that die 
bird lives ihcre » a new pj«,t-iuipik1 plumage after the hrccditiLr seatoii and 
m the case of many birds an additional nuptial plumage in dm spring. 

This process of cedysis by means of which one coat of fcaiheis is 
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ocdi^gcd for another i? called mcftmi. When a dead feather loosens from 
Sts socket in the skin and ia lost in molting, the living epidermal Malpighian 
cells at the bottom of the pit, backed up by nuirilivc reaourtes of the blood 
\'^e]a from the underlying codum, grow out into a new embryonic feather 
tube, which in tum unrolls to take the place of the dead feather that was lost- 
Water lards, gallinaceous birds, and some birds of prey arc said to be 
precociftl, because at hatching they art quite well clothed with nestling- 
down, while certain other birds, such as kingSshcTB and woodpeckera, are 
described as u/fnci'id, because they are hatched almost naked, only sub¬ 
sequently acquiring their first coat of feathers. 



Kg. 196 Plrryh/^, ffc feather nacts, (mi thr body of a cock. Ventr*! view 
at the left, donal iit the ilitiu. fAftcr Nitsclw,) 

Although the feather coat forms a remarkably complelc cosfring ovrr 
the body, the insertion of in dividual ftrathers in the skin is by no means 
equally spaced. Fcaihens arc attached in localiaed patches called ptetytae 
[Fig. 1&6 j. between which there are naked areas, a plena, covered by over¬ 
lapping fcratlicts from neighboring ptcrylac. No doubt aptnia in such areas 
as the ‘‘iinnpits" and the inguimll negion facilitate freedom of locomotion 
in much the same way as do loose running trunks on the legs of a sprinter. 
Apteria on (hr ahdtunen of a bird may also be uficful during iucubation, 
because the egi^ are (hereby snuggled into more direct contact with the 

wariti body of the brooding mother. 

The constancy and orderly ammgemcni of the vanous pteiylne has been 
used by systematists in determining the relationship* of different kinds of 
birds for purposes of classificiaion. Ostriches, loucaiui, and modem penguins 
are apparenlly exceptional in that they do not In adult life show a pattern 






Biology of the Yertebnstes 

of featheis in ptcrylae and aptcria. That this b a iccondaty acqimition anH 
not a primary' condition b indicated by the fact that fossil iTertiary) pen¬ 
guins, and embryonic ostricheSj show distinct plciylae. 

Local deviations in feather arrangtments, usviky associated with «cc- 
undary sexual chararim, arr of ficqueni occurrence, such as the crests anti 
ruffs of various birds, and the spectacnlar tails uf pcacc ks, JanUil pigeons, 
and lyre birds. In a strain of fancy ptiulfjy kno^Ti as “friizlca,” the plumage 
has departed fmm nature’s approved style by reason uf tin- twisting of the 
feather shafts, but n js doubtful whether tJiesr curious fiow^y birds could 
successfully maintain thcmsclvTs out of domescicatioii. 

The shingle*like Lt? of th fisthrs b directed from the head toward the 
tail, dins reducing to a rntninium the air rtsibtancc offered by die plumage 
ThLs orienlation nf the feadiris abo makes possible the retention under the 
feathers of a layer of warnicd air next to dn- skin during rapid Right, 

wl^h would be blown away if the fealhere werr arranged in anv other 
liishfon, 

Tlic remarkably varied colors of fuatkeri are due tn one or both of two 
factoni, namdy, chemical pigments and ihe physical arrangrraeni of the clc- 
mcfils making up tlic feather,. The reds, yellows, and blacks are due to 
pigments. The w-hitrs, fjlues, and Iridcscrnt tulors are slninural colare. 'ITie 
greens are usually due to a structural blur romhined with a pigment yellow, 

^ I'lgmenes are dcpreiitcd mostly in the exposed parts of feaihrns and onlv 
duniig die period of thdr growth. Alter leathers have become differentiated 
ufel™ stmciurcs dierr Js no way to add pigment granules to ihem, so that 
further change m coW ol plumage can then only occur in one of three 
ways, by fading of the pigment already in the feathm, by the wearing away 
of the pardcolorrd feather dps, or iiy complete redysis of old feather? 
and their replacctnenf by nrw ntics, 

A feaUicr .tppeat? white if no pigment is present and the palygnual cells 

of the barbs and IwrbulQ break up the light and reflect all wai-c lengths 
equally, • 

rhe blue color of feather? Is of the type known as Tyndall blue. Manv 
yearn ago Tyndall showTcl that tite aky appears blue because minute sus¬ 
pended pattifles of dual, water, and the like scatter the short, blue waves 
of light while permitting the longer, red waves to pass through. Therefore, 
when we see fight reflected from these partirles or fmm similar suspended 
partielcs in any turbid niediiim (c.g., skimmed raiifcl, we see the blue wasT 
Icngihs. On the other hand, if we look at the turbid medium using only 
light which fe tranamitted through it, the material appears reddish because 
the short, blue waves have l»«n scattered and the longer, red waves tmiis- 
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mittcrd. The blue color of fCaLhcrs is localLifil in Lbe Layer of cells which is 
just bctiMth the ouier sheath of the barbs. Minute pores in the Wiiils of 
these cells bring about the scattcritig of the blue wave lengths while trans¬ 
mitting the longer ones. we erdimirily see feather? by reAected light, any 
area which brings about this scattering will appear blue* 

In almost rvtry case green feathers c?chibji ihc some structural feaenres 
as blue ones but have, in addJiioTh a ydlow pigment in ihe outer sheath 
ol tlic barbs^ the combmation of the two colors producing grrcii. A green 
copper pigment has, however, been extTacttxl from the leathers of the West 
African *huracou,*" 

Frequently contour feathers present complicated variegations of colors 
which combine to form patterns, involving the matching of parts of several 
neighboring feathera. Thns^ a white wing-bar, or a spot on the breast, b in 
reality a baffling mosaic, made up of unequal fragmentary contrihutiniin id 
color from many separate overlapping fcaiiiers, which hav^ grawii inde¬ 
pendently into hartncmlous pK^sitions with relalion to each other, No WDiider 
that Darw^Ln is said xo have exclaimed that trying to think cut how the 
'*rye” on the dorsal feathers that coiiiititute the peacock’s tail came about, 
made him a^^tudlly sick! 

In the proces of molting, fcathcr^i in the centers nf the separate ptcrylac 
arc ihr first to fall out, nnd thi? loss with its subsequent replacement extends 
from these centers iu die matins of the different feather islands. 

Sometimrs a molt Is incomplete not involiviiig each feather, but idmply 
the wearing away of a different colored Up. This may be quite eficclivc* 
however, in accomplishing a change in grneral appearance^ as for example, 
in the case of the male bobolink^ Doii^hQn jXj which changes from a distinc¬ 
tive coat of black and buff in patches of color in the spring to an incoo- 
aptcuous streaked sparrow-like plumage in. the fallp 

7. Kail- 

Just as feathers characterize birds, ?io hairs air mtegumental hall-marks 
of mamiTLciIs, huch apparently hairless anlniab whales and sea-cows even 
are duthed in part l^ffirr birth with embryonic hair, while the hair thick- 
skinned rhinocema and the hippo|»taTTius have spaiw brisUy hiiirs aboni tlie 
snout, and the big, apparently naked elephant, whose skin upuji dose 
exatninatimt is about a? forbid iling as a chestnut burr, has a supplcmmfnry' 
mammalian pasport in the form of a tuft of hair at the end of its ridiculous 
tail 

Hair serves a variety of itfi« besides its obvioim licncfii of afTortling 
general pmtecrion. The air-imprisoniiig pelt of a fur-beanng animal retains 
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tbf bodily heal and sheds the rain; the thick mane of a wild horse is a 
specially pbeed buffer against carnivorous enemies that would pounce 
upjni its otlicrvi'ise unprotected neck; the squirrel’s 
frisky tail is a penabk blanket wliirh coDvcoiently 
enwraps the owner when at rest; the anteater's bushy 
tail is a diverting and canfuang barrier to the armies 
of ants tiiiat swarm fortfi in defense when the ant- 
eater makc^ a foray upon tltcir citadel; the lung 
hairs of Lite horse’s tail form an effective brush to 
ward off pestering insects; the stiff sinus hairs, or 
rsibrimif.^ that supply ibe snouts of many mammals, 
arc sensitiv e ‘'feelers" ^ Fig. 197 J; and lasdy, the color 
schemes carried out on the bodies of mammal:, what¬ 
ever usa tlicj- tnay sen e, atr due principally to hairs 
as color hearers. Xmnsient sinus hairs on the inner or contact side of the 
forearm in the human embryo (Fig^ I9B J hark back to arboreal temur- 
hke life. 

In stniciure a »ngk h.iir | Fig. J 58) is an epidermal shaft 
projecting, usually at an a[:iite angle like .m tiaggerated lean¬ 
ing ttiwer of r»a, from a pit or depretdon in the skin. The 
projecting dead part of the .jLoft is typically cylindrical, with 
tijc root concealed at the base in the pit expanding into a 
rluh-shapcd bulb that deri™ nourishment fmm the ccinum 
through the living Malpighian cells producing it from bduw. 

Directly beneath the bulb and in intimate contact with it, 
if un upward-projecting dermal papilla containing capillaries 
.ind nerve endings which supply the hair rotst. Corneal teUs, 
surrountling die root of the hair, constitute the inner roat 
sheaihf Other cpidcnnal cells tliat form the outer root sheath 
line the walls of the pit. The root of the hair with its sheaths 
make up the hmr follicle, 

Openmg into the pit from the stdev are scbacroiis glands, tlic foie-'arm 

which produce on oily secretion that renders the d ea d hair “ bwmun 

shaft less drv and brittle. embryw (Ah- 

ET BniRian.p 

fn CTOSA section a hair shaft ordinarily sliows three kinds 
of cells, namely, those of an inside core, or meduUa f absrnl in human bixly 
hair); a surrounding ring, the eortex, making up the bulk of the hair; and 
a thm outer ungic layer of shingling cells, ihe eufjr/e, 

Althoii^i the root of the hair may be emhedded deep in the curium, the 
entire stnictiire is epidermal in origin except the papilla, which is dermal. 
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Thi- siidft of iliL- hair u/^imlly tapers tnwards the tip and docs not branchy 
aldioiigh hristlts sometimes spJii distaUy. Frequently hairs taper also towards 
ihe root cui panicLilarly near the point wiierc Cinergy from the itiiij 
so that they tend [q bend eafiijy whai stiff or giw way iruitcad of hiratmg 
off upon contact with external objects, "Fhe exquisite softness of thr fur 
upon a mole skin when it is stroked either way is due to thi^ adaptation of 
hairs thiimed down at the surface of the skin^ which enables the xnimaL 
to go forwajd or backward in its burrow wiih a iiiinimiUTt cf fricdoi^ 
injury' to the fielt. 


1991 DiiigTAm diDwiin;, a, the mor£ uiual hair ruireiiu uyon th^ 
or ^'cntrai aspect lif the inrnk^ anij fl, im the bacl: or doml Aspect 
l Aftjcr fwJcId] 


Each follicle ts supplied w'ith iin uiA-oluniary miificlc, arrfciof pili, run¬ 
ning from near its base diaitonally' to the $operfidai tegioo of the coiium, 
oil the side towsirds which the hnlr slants. When this smootli muscle 
shurtciifi, it pulls upon thr base of the follkle causing the hair to on 

end'" (Fig. ISai. The actiofi of the arractorcst ptlonim is particularly 
noticeable upon the scrufT of an angry dog's neck^ or upon the tail of a 
frightened cat^ when these animals lake on a mnre Irnifying aspert a* Uic 
ntsult of this reflex. The ghostly moiiins of this apparatus in mac is the 
cause pJ "*goti6c flesh,” which appears wlic:n the skin contracts somewhat 
upon cxposiure to cold ‘Then a spirit passed before my face; the hair of 
my flesh stood up/^ (Job 4:15,) 
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The slant at ^^'hich hairs emerge from the Jilcin varies iti such a way 
that in their direct inn tlic hairs taken together form vortices and streams 
ur they lie over the surface of the body (Fig. 199J, thb is particularly 

appamit on a hoi^ or fihort-hnir^d dog* 

Convergent vartke^ rorm anoimd the base of projecting stnicturts^ sucEi 
as horns, tlir tail, and the umbilical cord. These hair whirlpools persist even 
after the structure around ti'hich they converge hai disappeared, for example 
ill man about the umbilicus, anti at the focus in the 
cfJTcygeal region where the vanished embryonic tail was 
formerly located f Fig. 2(X>). 

Perhaps the most familiar fnataiice of dii^ergirnt 
mhirlpools Is on the human scalp at the vertex of flic 
crown, where the haiix are ccntrifugally arranged. Other 
divergent TOrtSecs appear in the axillae. The coRtx hair 
of the sloth is divergently parted along the mtdline of 
the Ix-lly uistead 0 / down the back as in most mammali. 
This adaptatitin, as in other divergent streams itnd 
whirlpools ivheiever foimd, b useful ffir shedding rain 
The unusual atran^em in the case of the sloth b due to the laci that this 

mammal cuBtamarih Jiungs suspended upside down from the horirontal 
branches of trees. 

.\Jlh«uRh bain, are not arranged in definite parches like the ptenlae o! 
Irarhrrs, they do emerge from the skin embrvonically in orderlv array with 
reference to each other I Fig. 20] 1. In man they appear in groups of twos, 
threes, and fours with the largest hairs in the middle of each row. these rows 
tinnm bemg spaced in such a way a.s to suggest that each one is homologous 
with ail impale aira. Ihis hyTtothesis is furrher Imme m,t hv the arrange¬ 
ment of h.iii5 tn siniibr groups In other mammalian stins. paftkuiarh those 
of the armadillo and scaly anteater where scales are actualJv present with 
a dermitc group of hairs ttehind each scale. 

In mammals other than maiu Irx albted masses of hair appear as fetlock*, 
tufts, manes, and modifkations of rhr tail A horse b enabled to brush away 
annoymg tl.es with a -swish" of long hain; m, the tail, while a cow accom- 
pltshcs |l« same result, as evrri farm boy who has ever milted a cow knows, 
v»ix\i ^ flip fif lilt l-crrninal 

Hajrt occur in various shapes and forma all the wav from hard rigid 
spmes. like those of the porcupine, Eumpran hedgehog/spiny mouse, and 
spiny anteaiCT. 10 the soft delicate aoof of sheep and goats. Thr bristles of 
Kwme arc stiff elastic haira, sometimw with ..qili, aids, in which the outer 
layer of Cuticle preiiommares. Thev are more mimemia on the dorsal side of 
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^ hog thiut cbcwKm chi thr body and tend to makr the wHA ^nima) took 
somewbiit largirr and niorc iormidabie. 

Fur is composed of djensc soft hairs^ frequendy Utking iht medulla^ with 
a lew long coarser hairs interspersed In the process of transferring the skin 
of a seal to milady's back in the form of a sealskin coa^ti the long stifFer 
guard kairs art carefully removed^ leaving the soft thicks l fur-huhs mak¬ 
ing a uniform surface^ 
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The cuticle of wool hairs is usually rough ant! ataly^ and aince the hair 
shafts are same what twisted they spin well into yam because the separate 
hair^ interlock easily. 

Siinus hairs, or '^txlcis” (Fig. 197}, ihal radiate from the inquisitive 
no$cs of iicHrtutTtaJ pFowIcxs^ such as catst^ rats+ and weasels^ are each scaled 
ill a large papilla especially well provided with nerve endings, so that any 
cliancr contact which disturbs the stiff uiUsttuiding dead shaft b com¬ 
municated at once to sensory^ hcadquancui through the mechanical agitation 
of the basal papilla. 

The iimistja] beard on the faces of goats and men is the ^Tty !atest evolu¬ 
tionary stvic In hair decoration, 'fhat the humEtn beard is nor so much a 
relic of she past as a prophiKy of the fuitire, if evidmt not only by its sharp 
differcntiatitTn m the male sex, and its delayrd appearanre in ihe individiml^ 
but also by the fact that it is nnirh less apparent in the morr priitiiti^i^ races. 
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Sexual difTcrenttation of bumati hair is largdy cojttrrjSled by hfinmiiit 
action as dtttiOTistrated when hntm^jnes are proven icti from nuiitial 

occinTcnce by Lbe ranoval of ovaries of loMos. The distribuibii of adult 
female hair o\'er the body is mtemirdiatc beiwccu that of ilie onibryonic or 
infimtnc; condition and the airangetnmt in the adiiU mole. 

^VllJiough man h one d the least iiairy of ihe mamm^ik, witli Llie oxtrep- 
tion of the aberrant whales and .^a-cows^ an examinaxion of his embry’^onic 
development his doesc reiatlouship to otJjcr members of the order of 

Primates, 
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Fig. 202. Six nagw m tlie <l«%doiimcni ♦if ji hair, a and d, fmm 

of a ,h«p. (Afirr Sk-hlcnin^Ucf,) q «,d o. from a inoia* 
lAfccr XiftLifcr.} t and r, from buitiaii toibr^io. (After Hen wig.] 


The fim evidence of hairs in the mammaJian skin is found in the form 
of concentrations of cpide^ial ceJl* which, because of displacemcnl resulting 
from llicir rapid muiiiplicatton, riow down like plugs into llie coriiun 
( Rg. 2U2), and become hair fnlUdcs. The bulb of each foaieje. with its 
surmiuiding iitncr and outer root diraths, soon tlUfcrentiatcs, and the newly 
formed lengthening ahaft pushes nut towitrds the surface, lowening the 
temporary cpitridiium which at iM* «age cottm tin body like a gauzy 
envelope. The hairs rn man first emerge at about the fifth fetal month, in 






















/\ Jack of Ml Trades ^55 

the legion of tlie forehead arid eyebrow^ irvaitually becoming a tranrirtit 
coat nf delicate embryonic (ur called i Fijf- 203 vrbich clotbca ihc 

entire licidy with the exception of flie lips, palnis, soles^ naib, and spaces 
around the apcitiircs of the exlcnial genitalia- The lanogo usnaliy reaches 
its Hifjhest development during the eighth fetal month, when it begins to be 
^ed into the amnionic fluid that surrounds the etnbryoi. and is replaced by 
die pemiancnt hair^ at least over cer¬ 
tain parts of the Ixxiy, It remains 
longest cm the ^houJdrn^ and in many 
instaiicf:^ h Still in rvitleiice at birth- 

Ihe permanent hair in attaining 
its growth becomes localized in distri¬ 
bution, and difTcrcutiaEcd for various 
as nlrt^dy poutted outp It b 
thickest oil. the lop of the scalp, aucc 
it w'as originally adapted to shed the 
rain which fell alike on our jii^ and 
unjust batless arboreal ancestors. In 
apes, w'hich assume a semi-crcct poSr 
tmt: with the crnwii of the head pro¬ 
jecting somewhat forward instead of 
upward, the haii^ a& would be 
prrrtcdi b thicker on ihe Bcj-uil of the 
neck than on the top of the head. 

Hairs arc also conspicuously ^pe- 
chilizcd in man in the form of eye- 
Im^w^s, eycl^^dicsj and as guardians of nasal find external ear passage* ngahwl 
dust mvasjon- -\t the pubes and axUlae ciisliions of hnir that perhaps tend to 
lessen friction develop at piibejty, while the rmtiainder of the bumaD body, 
which normally appears Co be companilively harCp b supplied in varying 
degree with hairy reminder^ of oLher days. 

Hairv of the head atr $iTmgkt, wavy, ciidy\ or itfiAj, In cross section the 
scries \'iiriefl from nearly lound in the straight head hair of Indians and 
Mongolians, to elliptical in the kinky hair of the Hottentot f The shaft of 
curly or kinky hair, growing more rapidly un one side than on the other* 
emtrgis from the skin in a cuixe- Pubic and axiUary hainv usually cnrljr 
even in straight-haired people* and siraight hair tends to curl in wrt weather 
w hilc curly tmr tends to straighten. True '^pennanent waves,"* like poets, 
are horn not made. 

Gmwth of hair indlvSdnaJJy* In health and sidttiess, seaiwnaflyp 
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with quantity and quality of food, with climate, and with the region of 
the body on which il occute. The beard hairs may easily grow a miNimeter 
itx iw^eiity-four hours* Dr, W, Keen reckoned that with the prenitwirtioii 
per millimeter oI approximately 500 cd!s of hair, there would need to be 
only 5000 hair^ nn the head to produce 40s000 hair cells per minute. This is 
what keeps barbers busy* 

According to the mannfff (jf growth^ hair is idthcr or tfngoru in 

t-haracter, Defmitivc hair grtiwis until a certain length h attained^ when 
it becomes pinched off frem its base of supplies in the papilla of the bulb 

20*1 and dir lifeless hair shaft loo^ns and 
ii shed. A new hair then Siam to grow. The inter¬ 
ruption in growth at the root of an angora haar 
does not octtit cither as oltcn or as completely as 
in deSnitive hair, so that the shaft continued to 
lengthen long as the follicle lemaim intact* In 
man the body hair^ are defmitlvi:* while those of 
the $calp arc angora in character* In apes ditso 
of the Scalp are also definitive. 

1 he tofor of hair \% due to pigment deposited 
during growth in the intercellular spaced of the 
Cortex. W hen haim ^'turri gray*' there is a reduc- 
don in the amount of pigment present and an In* 
<^rease In the luitnber and sire of the light-reflecting 
aiTrspaces twjtwecn tlir eelk. Gray hair in man 
appears first at ibc ^^temples/^ dtuated over the 
temporal bonfs. &o<alled brcau*c here die flight 
of time U marked. In dog^ the graying of hair 
iisualty begipK' on the snout, while In mice and rats 
It may be anywhere on the body. Some animals 
. ^ ^ varying hare, I^fmt Amef/Vaimj, for 

cjcampic, fihow a seasonal whheiiing of the hair coat, that brings them into 
Iiarmoii)' wnh ihrir #nowy habitat, thus msuritig them a degree of protection 
ugaiu^ their enemies, 

I.>ata mi particular tliffcnrore in human liuir have been pithaed in 
errtam cas«. For iimancr (hr head hsir of bl<,n(ks b usually finrr, longrr 
and more denw than that of brunrttes. Som«>anc has made an cstimaicd 
cnisus, after a pmal eoimt, of thr itumltcr of head hairs (in four females 
with the fnlloH-mg result; blunde. 140.000; broHn, 109,000: black, 
I02,fjfl0: red. AD,000. .A tnathrmadcal moment with a pencil and a pad of 
paper rciTals the fact that if the blonde lady in question should have her 
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hair ijohbed, supposing that it was origfaiiilly Lwu feet intig. she niigrht 
thcrehy dispose of something over fifty linear miles of hair, 

Eedysis, or molting, which is so universal a phetitnn€ii,nn of other ept- 
demial structures, ocrufs at intervals also in the hair coAtn most TTuim- 
mals shedding the hair is more pronounced in apring and eariy mimtner than 
at other seasons, bul with man ii is a continuous pnicess, involving a normal 
daily loss which may be in*:ttased under pathrilogical conditions, A single 
head hair, according to Lewis, urdinaiily lasts Frcim four to five yeans, 
wJiLie eyelashes are normally replaced m as mariY months. Failure in the 
replacement of hairs tif the scalp results in baldness of which there are two 
general types, both evidently hereditary. In one the divergent whirlpool of 
hair aboiii the vertex of the crown is the first to go, w hen the aubjea comra 
lo rtsemblc a tonsured monk. In the other rase the hair reireats from the 
foreiiead with the passing of the years, Ica^^ an mcreasing expanse of 
apparent inteUectualUy. Wlien both types of b.ildiicas descend upon the 
same individual the polished dome of Uie skull ttiav be as bereft of huir as a 
biUhud ball. Baldnes, even if the midi be told, is very much more common 
m men than in wnmcti. 

Under pathological conditions, unusual abundance of liair. hyperirt- 
ihons, or abnormal absence of hair, iitricho^is, may ocour. The latter 
rondilion is fi«lu£iUly associated with defective dewbpmcnl of the 

teeth. * I ■ 

WTien embryonic lanueo pemisis it b spoken of as pjrudo-hyftfTtmhosis, 

as distinguished from fivp<rTtn^h<„is t’era. The latter is exemplified by tile 
presence of superfluous hair in the case of bearded women and shaggy men. 

8. Friction Ridges 

Upon the tips of hiinmft fingers one can easily see with the naked eye 
peculiar fine ridges, called /rtVfion nrfjrt because they aid to a certam extern 
in preventing the fingers from slipping when brought into contact wiili 
objects. Tbev arc ammged mostly at right angles to the direction in which 
there is the greatest tendency to slip. Sweat glantU tlmt opm uj^n them, 
like iTatcJs along the peaks of tiny volcanic, mountain chaim (Fig. 139), 
provide moisture, bringing rSont much the same resuh as when a workman 
on heft baiick*^ lO ^ Ijrttcr 

Since friction ridges appear only oti those areas that come habitually 
into contact with objects, they are particularly developed on the palmar 
and plantar surfaces of the hands and fret of man and other pr^ates, and 
also on the coiicavT side of the prehensile tail «f tlie lniig-tatkd_-^me^an 
monkeys (Fig. 205>. Thev are ahscnl from the middle of the bark, fore- 
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heatl, and rim of the car, and other itgions noi employed in taking hold of 
things. 

A htstdogical examination rrveats the fact that the ridges and furrows 
of the cpidenais tn the friction areas match cornaponding downgrowths 
mio the imdcrlying derma. Furrows between papillary ridges should not be 

confused with the nuiny wiinktes and folds that 
beset the skin all over the body. 

Friction areas are particularly associated with 
padlike epidermal elevations, or tori, that originally 
appear on the palms and soles. Ty|ricaliy there arc 
ten ut these elevated ton fin each hand or foot, 
namely, five liigitd areas iomiing the bails of the 
fingers and toesj three intrfdigital areas cni the 
palm or sole near the base of the digits; one 
and one hypolhenar area at the posterior 
part nf the palm or sole on thr side of the Mg digit 
and ibe little digit respectively [Fig. 20G]. Al¬ 
though present as distinct elevations throughout 
life on the feet of certain tnammaJs, the mcmsc hir 
example, and abo on the hands and feet of the 
human rmhryo, tori ;is such disappear in adult man, since, as the human 
embryo grows older, these elevations or pads become tes pronounced and 
iirc eveniiioliy flattened to form the friction areas. 

The various minute patterns which the ridges of the friction areas 
assume arc all definitely established before birth and rrtain their iudlvid- 



Fi|^ 205^ PcrJiczuilc tail 
of A inafikcv^ Ataiei, 
itiiw'in^ FrictifKn rid™ 
in rcginti nf 

i Aftiff Jtittrnal of Hrfrd^ 
ii>'. April, lOlBLj 




Hg. 206. .Arranffniciii (if the tori, of clcvjtloas wfikli br.esime the fric- 
hLTcaj I t paFttiiir iiirlAi:c of ihc huitd. a* diajp'citii of ivpiciit m~ 

fAfi^ V^Mcr.) liAid of a hiinrun ctnbrvo of ?2 ouo in 
whkh corrfApondms tori iirr I'AfSrr 
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uality^ except for sdighi uicreasc to sJae, thronqhoirt life* it has been deinour* 
sliaied that Ahen Irictiori rid^e pattcnis art desuoytrf by seaiinp or by' 
iiaiidpapcHtijt the fiiigrr lips^n the oki paLterns art rtslDttd upon suljsetjticut 
^wih of iieH' rpidetmis. 

Since the det^ cJ the patterns arc ufiUke, not only in different persons 
hill also on the twenty fuigeti and toes of the same person, they furnish 
an excdlcnl means for personal identiEcHtiou. Just as primitive peoples 
in die past Iiavc frequendy employed Indelible tattoo mart's in order to dis- 
tiitRiiish themselves from their fcllowa, so friction ridge patterns, which 
ha\< been called “nature's tattoo marks," are madr to serve a like purpose. 



Fig. 207. of rhr ftiur m.ilri (»pw (if finser pattra» ITic wlitirl 

aurt ite compeuitr Iiavr delcai (A't): the ItKPfi. *ju-. and the nreb, 
Rtfn/, The IfKip may lie « redial loop, or an ulnar idop aeemdlng to 
wlicthcT li (ipHH outward toward xhe ihuinh mdinl ,i, or towanl the litlk 
[uhiat.) I Alter Wilder BiiJ Weniwutth.; 


The patterns maybe roughly classiried in puneral types, namely, wharb, 
loops, composites, and arche), af indicated m ligurc 207 * Loops may be 
ulnar or failial according to whether they stream outward toward the ulnar 
(little finger) or ilir radial (thumb) aide, while arches may be simple, as 
in the figure, or if more prxitinuniced, Unied arches. Ckimbinadons of these 
types upon the lingers of both hands taken togeiher, and the infinite variety 
in the tninniiac dial each type reveab upon c-ireful scnitiny, make possible 
an almost unlimited subdiviAHin and clarification* Thus, it has come about 
that finger-print codes haie been worked out, which may even be tele¬ 
graphed or radioed from one part of die wctfld to another in the intemats 
of pt!rsc.maJ idcntifiriirtc»ii- 

JJv reasim of the fact that finger prints are easily made and kept on file, 
ihcv mav he miUxed convenienlly In a great i-aricty of way?. Ifpan a bank 
dieque, passporl, or ►mri-tniasfemUle dociinicnLs of any kind, (of example, 
such a personal imprint furnishes a unique si.gitatiire which cannot 
forged, fit the case of soldiers, sailore. the personnel of large hidustrial 
plants, voters, babies at nislcrnity hospitais, inmates of mstitutiona. crim¬ 
inals imdcsirablc immigrant cinre rejected, dead bodies rwovxred from 
divutrous catastrophes or accidents, aphasia victims and m many other 
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instsDccs, finger prints offer 3 . sinipjc and mvnluablc meam of otablishtog 
identity (Fig. 208). 



Kg. 20B. Tivf> Kts of finger princs, Hiperfipjally aJitc but quite dif¬ 
ferent in detail. *, inint of ihc middle Tight fins*^r of J. C. {AlaRnlfied 
tiww diiiiiicteri.) The on-a ciicltHced in the square u thavn hcJoiy ia an 
enljuigentrni of U tliametenL n, piim of tlic right middle finjfrr of J. W. 
(a^gnified two diainetm.) Thia was aciccted from awerai Hundred 
pnnt5 of itildiile right fingen in the endeavor to get the neafcit mMcb 
to Tlie t-orrciponding enlarged »quji(Te below shows distinct dilfcreuccs 
that 40r not eridmi upon iuperiieial eiatninaikn. iFrotii Wilder and 
Witiwonh.) 

Sinct G^tnn’j pitnurcr work in Engiand,* and the appearance of Mark 
Twain'* wfiuwical dasic.f in which the imagination of the atDr>‘ tefler 
anticipated the later applications of adence, the acriims study and otiliiation 
of the inefTaceabk frictntt) ridges has dnxtoped into a ixai science by itself 
{DsityiMCfipy) with a considerable and growing bibliography, h is now 
known that two widely scparaied peoples, llie tlhincsc and the Bahylooians, 
in very early times made use of finger-print sigiuLurcs. 

* Fmg*r Ftintt, 

T rhf 7r«srdjt 0 / Fuddnlitud ftifian, 18&4. 





CHAPTER XI 


Intake ApparatiLs-Digeslive System 


L IS GENEIL\L 

L TliC >Vhlrl|>ool of life 

Life is manifcTitcd aR a proces of release of emrtgyv inviolvnif^ eootinuoua 
death or dcstrueijoiij since it b only by the hrciikdowii nf cells and 
in which eisergy from food Iia$ been stored that the pheiiamciinn of life cart 
appear or cemtinue^ ThtMt, tlie paradox that we live by dyin^H There is, how*- 
cver^ more than one kind of cleat hi- Tlie kiiiil referred to in this connection 
is the hent deeith of cells and Tissues, which is axially acmmpaiiied by 
rrgcntra^tion and necovery, while what may be callccl general death is that 
in which the corretation nf functions depending upon the brain heart, and 
hmgs IS intemtpted so t!iat k cannot again be rcstimecL Even iti this latter 
ease the compoiicnt riiwiies may live tm some time after correlation is 
no longer possiblr, as showri^ for example■ by the excitability of the mmsclcs 
of a frog^s leg tuider electrical stimiilali<m after the frog has been irrevticably 
killed by the complete removal of its brain and heart. 

Hu-xlcy litened an organJsm to the whirlpxil below Nbgara Falls. \\ 
no two moments of time [fl It made up of the jiamt mass of water^^ ytt its 
identity remains, and if photographed im ^ucteedhig days frem the same 
point, the pictures wauid appear alike, fn a similar maimer ail ll\mg things 
may be conceived as whirl pi Mils of living matter and energy; w^hich never- 
ihcless maintain a contitinuus individuality throughout the duration of life. 

The digestive system b the mechauifim ilmt makes gotid the cimisUint 
losses which arc inevitable in ibc nional expense of living. It h with the 
intake aspects of the organk wliiripod that Lhls chapter is concerned. 

2. Rate nf Living 

The rate at which the metabolic waters of life flow through the organic 
whiripool varies greatly with ihr agt of the individual. During the first 
port of life while growth is taking pbee, the intake, like a spring freshet, 
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is greatly ia esces of the atttgo, but Later ihfrr follows a prolcFnged period 
of balaticc during which losses of energ)' are simply made gj«d, then the 
stream of life flows meirr slowly and bcionies Its® and less ijl volume^ and 
eventually ceases entirely a> thr head waters gradiially dry up, 

It is not at all easy to iralizc the itbounding Itfe of nn'mirila during the 
onset of gTowtJi, A human baby normally doubles its weight us itOtJ days. A 
new-brifii mouse quadruples its weight in (wctity-foiir houi^ and a sUkworni 
inerrases its slic times during the lirst day's intake of mulberry Ieav'cs< 
Dr» Keen says: Were the same rule to hold, a baby weighing seven ponrads 
at birth would weigh thirty-five hundred pounds the very next day* and 
when a month old w<#uld weigh one hundred and five thousand pouuds, or 
ewer fifty ‘short torts/ wJuch, however, could hardly be called 'short 
weight; ** 

3. Tfimgrr and Thirst 

hood, water, and oxygen arc the neiressary materials cf subaisteticc 
taken into a going organism. Food carries energy to be stored up in the 
tissues for later use. Water k the unit^Tsal solvent and Hold necessary for 
manipiibting and shifting about materials within the organism, while oxy¬ 
gen effects the breakdoivn of tissues and the liberation of' impristuied 
liiicrgy. 

The essential coneem of every animal is the securing of these three pri¬ 
mary ptereqiiisites for enntinued activity. This fan Is m obvious that it 
escapes our atlcnlion. Anyone who has tried to follow the incessant activi¬ 
ties of a wild bird, fur example, during the daylight hours will realize in 
part the imperirtus demands of hunger and diim, ft may be observed that 
most animals rarely succeed in overtaking their appetites, 

J<ven in the highly specialized routine of human society, the daily pro- 
giam of hiismcsss pleasure, education, religioua activ-itio, politire, philan- 
thropv, and all the test, la. secondarily tucked in between meals around 
which (he day** activities are arranged, and any serious deviation from the 

periodic exercise of the sacred ri/er of inlakf are likely to border on the dit^ 
o^Etmus. 

4. The fntake Mcchaiusm of Animals and Plants Contrasted 

Most pbnts are rmrieted to a diet. The food they u.sc is monotonous 
in the extreme, yet there » no complaint. It is made up in the synthetic 
laboratories of the green cells of leaves or stem out of imifonnly distributed 
raw' mateiialii, such as carbon dioxide and uxygen from the air, and water 
impregnated with dissolved salts of the soli. 
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Liquid intake from soil'water is soaked up by osmosis tbrouf^h the 
delicate walls of root kmrs {Fig, 2D9), which would quickly coUapse if 
nposed to dry air. This docs not ordinarily iiappeii, however, as root 
haire remain constantly protected in damp soil, since the plant is not forced 
to travel about seeking water and wltat it may devour. 

Animals, on the other hand, do not hare the power of syniheaizing 
foods out of alt, water, and inorganic salts of the soil, so ordinarily they 
cannot remain anchored in one spot, manufacturing their foods out of raw 
materials at hand, but arc obliged to forage for food already made. 



rl]5. 2 ( 19 . telittc tnefJianiim uf plants, a . Tuun^ setdli^. aliowliig reoi 
hair «; b, psirl irf a mtCIhWI thTnujfh & yeutig mot, jhflWtfijr of iJir 

tupciHciol cdls growing into mor hair*. A thin bycr (pf ryifijjlnpii 
(dattedj Uuci the cell wall onH mclnacy ih« rtdl sap, (Alter Brown,} 

Like plants, Jinmuk depend upon asnintic intake through thin cell 
membranes, cellular middlemen between mdispenaablc food and the animai 
body, wliich cannot remain without harm on the outside of bodies of ad¬ 
venturous locomotor organjams, Thr intake cell* of animals, as well a* of 
plants, must be protected from mechanical Injury and from drying up. 
while ihrir possessors are #ectk^ food. IliLfi explains the cv'olution in loco¬ 
motor animals of the digestive tube, an endewd paasagr-way arranged for 
one-way traliic and paved with thui-walJed absorbing (tIIs that rrorrespond 
to the osnotic nxit hairs of plants- In one sense the digestive lutw is 
simply an infolding of the Integument, making a protected subway wiieie 
Food admitted at the entrance is exposed to intake cells, which proceed 
to do Lhdr nsmotir duty in security without drying up while being trans¬ 
ported to fresh fidds of food supply, lliua, in 4 way, an animal may hr 
rrearded as a plant rumed outside-in. 
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5. The Misiou of thr Friod Tube 

fn the prcKtess <if living, while energy js bring refe^d by the oxidatinn 
of the tbsuc^ it bccomci imperalivc that fcplawments he made frem out¬ 
side soqn:es, or in oilier words^ that food be obtained. It is not enough, 
however, ^mply to get food, since energy*coiitaJrdiig substances cannot be 
utilized until they are so liquefied and tninalorttjrH that they may he taken 
into the IdcHul, to be forwarded to the needy tissues w'here the actual fecd- 
ing, or iiicorpatation of food materiaiG, occurs. To accomplish thesr trans¬ 
formations is thr mission of the digestive tube with \ts accorapanjing am- 
tributory devices, 

1 he cv’cryday miracle of a cat Liking a captured mouse and changing il 
ova into caU or of human Rrsh and blond, endowed with peisonal 

tdiosyncrasia, made out of the hodRe-podge of materials that appear on 
daily hills of fare, is so ordinary and familiar that these marvels have ceased 
Lo ejititc wonder^ 

6. Kinfb Ilf Feeders 

.Animah may be claaaifird according to the prevailing character of their 
intake into herbivores, carnivores, omnivores, parasite?, symliiunts, and 

//erhj^orej are direct plant feedenc Carnworej feed upon animals, but 
in reality ate plant feeders at least oijct remmed, stnee tlie ultimate food 
of all animats is plants. Omnu'arej feed directly upon both animals and 
plants. J'arasites feed at the expense of li^hig organisms which '^*«itcrUiiii*' 
them as “iiOftLt" without necessarily fatal results. 5pfi6ri»jit, such as green 
hydra; and certain green worim. live vicariously at the expense of micro- 
scopjc green plant.v embedded in their liodjcs, which have the alrility com¬ 
mon lo green plants of synthcazing food on the spot; while s^prozoa, like 
certain OapilJaics and mfuBorians, an* scavengers, spcckliong upon dead 
oiganiams in the last stages of dicir reduclinn into inoi^anic materials. Most 
vertcbrutcs belong in the first three groups. 

Animals with a wide range of foods iiavr a belter chance in the stnig- 
glc for c^ence than those that have become specialized for a single source 
of nuiritioti, such as the pronuba modi, which feeds only on the pollen of 
the yucca flower; termites wSdi a dirt of wnody cenulose’; botI-wec%ils that 
spurs everything except cotton squares ’ before they bloom; and coproph-' 
I4gciu5 licetlrs dint reve! only in fecea* 

There are a few curlnus camivoroijs plants, like the Venus fly-trap, 
bbddrrw<m. pttiher plants, and sundews, that have devdated far from 
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tiir arlf-rciinncc of most j^en plants, which maniifactuic their own fcKxh 
These Lsobicd pbnLs by various cunning drvices have augmented the usual 
source of food of green plants by capturing satiaJl animab which they di> 
vour. A greater variety of plant fortm, mduding bacteria and fungi that 
have no chlorophyll, live saprophytacaUy on the dead organic remains of 
other plantji. 

Animak in sarisfymg their demanck of hunger from all sorts of sources 
are quite unaware I hat tfie chemist finds nnly three fundamentiil kinds of 
food in the \^'ortd^ with certain neccffiary^ additional intirganic trimmhtg^ 
in the form of w ater and salts. These three basic food substances, which 
ixrciir in an infinite oumbef of guLscs in the bill of fare of animal^f and 
plants, art prohin^f that fumidi buililing materials for growtli, main- 
terLance, i±nd repfoductinm^ and faiSj and carhohydrafeSj which supply the 
inunediate energy inillspc-nsablc to the busmen of living, 

IL THE FOOD TL:BE 

1. Its EvnJutirin 

In the lowest uniceliiilar form^ ^>f animal lifti. the csmotic pro€*r^ of 
taking in food subiitaTices is performed by the outside of the body, somc^ 
what after the fasluDu of plants^ 23 most simply demonstrated by Amaeba. 

rVmong sponges, which take the first step in die grt^f adveuiuje of cell 
assodaiions^ the method of intake is hardly different, although there is a 
a prophecy of an internal digcsti\x lube in the ciUated passage-ways that 
honeyromb the loosely connected sponge through which the fcKid- 

laden waw h made to si roam. 

HydraSp corak, and sea-anernoncfi, as well as all other tspital rnden- 
terateSj have a di^ejtive open only at one end, and little else. This 
single external opening serv'es as both rnouth and anus. In ih^ pioneer 
animak r\Tr>thmg is sacrifirti to soctjrmg a .suiLtble place for the brstowal 
of food. The very shape of the Iiody is determined by the food ?uc> for the 
whoir aninml k simply an animated foc^d f^ag, decorated around the intaic 
(ipcojng with a fringe of ftiibwrvicnl tetiiacJes. nic importance of the Uaini 
casity is thuB clearly emphari^cd by ita early establishment before mo^t 
other structural rTfinemnitB peculiar to the animal organic]. 

£>Tn in echtiuklcims, although an anus i& nommaiiy present it pla >7 
only an eset jusiona! role, since these devastating, dev^ouring cixaturo* of 
which starfishes and sea-urchins are typjt:ii] exatuples, dispose sci eirectuatly 
of the food entering their maw, that tiiere is very httle waste left m-cr fur 
cxpilsion at the exit As a matter of fact in the ra?ic of the siarfish* mo?! 
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of the food waste is not even taken into the mouth. Instead the stomach 
is everted finm the mouth in feeding and enwraps the food or prey so com¬ 
pletely dmt the intligesiihle parts arc left behind when the stomach ts 
withdrawn, Ifati'ing no tesidiic to be passed out m the luius. 

\Vorms and caterpillars may well be described as perambulating diges- 
live tubes, with dir importanl mouth end pointed toward 4 food-ermtain- 
ing world. Directive sense urgans duster around this exploratory end of 
the food tube, infonning it where to go. 

.‘V vertebrate iji reaJity is a double tube. The outer tube is the protective 
body wall, and the inner tube, the digestive canal. Between the two tubes 
is the body cadty, tvhjc h mokes possible within a limited space the storage 
of a digestive canal muth longer and more dTident than the exterior of the 
animal would lead one tti suspect. Thus, the knapsack for cairying the ra- 
dons is bestowed within die body instead uf being carried outside. 

2 * Im^rcase m Digestive Surface 

Sq long^ 35 the bulk of an aninial^^ body remaini smalJ a ^traJghi digc^- 
live tube has an adequate mtenial surface to meet all alimentary' demands. 
It is tnatiicmaticalLy dcmunslrable, however, dmt while the jur/rtf« of two 

liumologims solids are to each other m ihc 
st}uar£s, die massef are to each other as the 
cuhft of dirir homblogoua dimenskins. 'Phis 
TTieans that the bulk of a growing animal 
increases more rapidly than its surface, with 
the Inevitable result that a^raight iiumodl- 
fird digestive tube becomes inadequate to 
lake care of the accompanying mawt This 
is particularly true in the case of herbivores, 
whose food is less concentrated than that of 
canuvoTcs, and who conscc{tjentIy need di¬ 
gestive ntaciiiucry adequate for handling a 
larger quantity of food in a given time. 

There art four generaJ wa^Ti In which 
thii* need for inerejLst qf digestive surface 
nirt in various animals, namely, 
(a) hy increase in diameter; (b) by increase in length; (c) by intmnal frihL* 
;ind crevations of various kinck; and (d) by tbfi addition of supplementary 
divenic.Lib. 

(«} Inrni^ in EKameter,—Thb nicthod U not exteniively tanploycth 
brc:au5c of the limitations of ifpace in tlic Imdy cavity. If the iiuicr tube 



Rg. lift. CorapiamrKi flf the tad- 
pnTc ttcd tliff pTiuif fmg, Alyifi, 
Juil after mctaiiMJi'phuiii^ m 
thr grcai diffirreiiee m the dt|£cfttive 
tnict with the rhaege frmrn plimi 
to anitruil dirt (Afier Reuter.) 
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jni'rc&scs in diameter the outer lube of the body %val] must also rtiJarge, 
whifh leiitb to defeat the object to be gained. Certain regions of nearly 
every digestive lobe, such as the stomach and large intestine, are frequently, 
iicirrilielcss. of greater diameter iban the rattuinder of the lube, 

(fr j Incrrase m Length.- Increase in Icngib b a unisersal device among 
vcnebnites for adding to the available digestive surface, since the body 
cavity furtiisho possible space fur stowing away coib and loop of the tulie. 
The btxly cavity not only makes a place for an intestine longer tliaii die 
body itself, but il also frees the inicstinal tube from tlic muscular control 
of sunmindiug tissues, permitting it freedom to exerdse peristaltic movx- 
merits of own. 

The characlcristic swollen shape of a tadpole, resemhling an animated 
head with a tail attached, « due to the enormously [engthened digestive 
tube which b coiled about many times, packing the body cavity fulL Just 
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before mctamoiphojis. when the tjidpole gut U adapted tor plant food, it 
may measure eight to ten centimeters in length, whereas after metamor- 
pha^is, when the yiimjg frog switches over to insect food thus requiring 
less digesth'e surface, the tube shortens to three or four centimeters ttt 
length, although the body itself is tioiv ctjnsiclerably lorigcr tliiin before 
( Fig, 210 ), 

In man the entire digrstive tube is between twenty-five and thirty feet 
in length, although the entrance and exit are only about two ket apart. 

{c ) Internal Folds,—Jncrcasca licirh in diameter and length of the diges- 
^tibc make demands that soon encroach upon iimlts 
of possible space within the body cavity. IntenmJ folds 
within the food tube itself avoid this difficulty by add¬ 
ing to the expanse of surface to which the food is 
exposed without adding to the esiernaJ size of the 
tube. 

A longitudinal fold extending into the ovity of the 
tube is tenned a typkloioU { Fig. 211 Such an airangc- 
mcm ispnicni in the cyclostomts. In dipnoans, as wcU 
as elasmobranehs and ganoid fkhes, the intcslinal part 
ffmd tube is supplied with a fpiral vnUts. (Fig, 
212), a typhloeok so much Jotignr than the tube in 
which it is placed that it must coiJ around like a rtpiral 
stairway, with one edge aiuched while the other is 
free. 

t /ir « ■ invading transv'ene folds, called plicat nV* 

cumrer (Fig. ,.13). givr a washboard effect to the inner surface of the an¬ 
terior ^rt of the human intestine, while countless tiny elevations, or uifU^ 
projccimg like the nap of vcK'ct from the inner surface of the small uitestine. 
particularly in the higher vertebrates, pro¬ 
duce, in a tninimtini of space, an enonnous 
incteasc of alrsoibing area for contact vs iih 
passing food, 

[d) Suppicmeniary Dherlicula.^ide 
alleys, or diverticub. from the main tube 
occur in many umanres. Thi-w are particu¬ 
larly abundati! in fishes at the iunction of 
the stomach with the small intestine, where 
they arc called pyloric caeat (Fig. 214), 

They vary in number from one in tlir ganoid Potyptetiu and tire sand- 
bnee Ammodyies to over 200 in the mackerel ^rt»mier. 



Fig. 2J2- Spind 
v'alv'c oF a do^^h. 
(Ahcr Hoiile,) 



Fl|;. 213* Tranwene 
£frjrrf/nwi, Hifilrig ihi; uitcujnr. 
(After CimuiiiglTumO 
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Other divcitirula, called coUc caeca, are feuiul at the junctkin of the 
umall and large intestines in amniotca* The colic caceiim of a turtle js only 
a slight enWganent (Fig. 215), but in rabbits and some rodents it nmy 
become an enormousiy enlarged tube with an internal capacity nearly 
equal to thiir of the rest of the digestive canal to w'hich it ia attached. 



Fig. 214. Tylinic caeca ol a tclc- 
D9t full, iiifflftebu. {Alter Knip* 
^ mu] Sfl'iwiltfwjturli. j 
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Fiff, 215 . Digestive tobt 
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In man the colic caecum^ with its troubliisomc shriveled prolongation, 
the froccMiiT vrnnifarmii, or '"vcrimform appendix'" (t iE- 216 Jj, haa outlived 
its usefulness and bears ait unsav'ory ftputadun. Birds have typically two 
colic caeca (Fig. 217), 
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F4(. 216. Caecum ami processus vermifermit (TOtnifami ippendlx} M 
m^n.^ Af Id the ctuhiya; Sj itt flfl adult. ( AflPF Vfc ic5dcrsli&iTi.r} 
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llie large intestine of man, as well as of se^-eral other mainmalE, is 
pushed out iatu a stru^ of baywmdowdike enlargements (Fig, 218)^ which 
iiTc div-crtirula of a sort ealJtd h^ustra. Connected with the rrctal region 
thmughuLJt tJic Vertebrate ficrics arc various proble- 
niatiea] outpushitigs* such as the rsetai gi^md of clas- 
mobninchs: the uiijinry bind (hr of Limphibianh; the 
huna £5/ Fi^bridus in birds* and the Mnal gUnds of cer¬ 
tain tiiamniak^ all of which have been made to serve 
different oses^ altlumph not nctcsEarily connected with 
the prr^cess cil digestion. 

3. Devehipinent 

Mouth and anxi^ are not essential during em¬ 
bryonic develcjpmeiii when the body seem res its nutir- 
ishmetit rliltcr from the ycilk ruass nr, in the Case of 
mammals* from the maternal blond aireaitiH There 
entnes a time, however, when prniision must be made 
to admit food inio the digestive cavity from other 
sources, lliis necessity is met by the forma lion of twe^ 
eciDilermal bvaginaljonsi cme near each end <jf the elongated archeniercn, 
which break through to make a continuous open passage-wav^ the di^tlve 
tulir (Fig. 117)* 

The antninr ectodermal ingrowth is 
called the and ihe posstcrior 

ectodermal part* the proct^daeum^ whiJe 
the rndodemtnl region between them* 
which wm originally the archentcixin, is 
now termed the mesodacum. Tlic embry¬ 
onic stomoiUtcum stakes out the claim for 
the future niouth tTgion; the proctodacum 
locates the anua. The fcxid tube thus cou¬ 
sin of three cmbryotiic components, al- 
Lhc»ugh the Landmarks that gepar^ic them 
from each aiher arc obliicrated in the adtilL 

4. Histology 

A cross section of the digestive tube within the body cavity ^dws U Io 
be made up of several concentric layers of etlk (Fig. 2191. 

The inncnn^Jst layer, or mucosa,L the original Ettiliry^nnic endoderro, is 
supported Ij) mesodermal eannective Ushuc. the submui:&$&, 'Fhr mucewa is 


Haui^um 



Fig. 2ia. Hauftni of the large 
lui£»iLinr i^f Enmi, wtib uiinU fwr- 
itcinc;ii pmJccti, ^lAndaliu 
ptoicitej attacbfd to tlic ouiaidc 
of iKi: LniestLojl watL (After 
LitoiaiDfZiJiud 
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only one ceU-lsiyer thick, cscept in the anterior esophageal region. It per¬ 
forms not only the *'nioi hair^’ function of absorption, hut also gives rise to 
s'lirious tUgesUs'e glands whose secretion.' bntig about tliemical transforma¬ 
tion of the food taken in. All the other layers aside from the nuicosa are 
secondary and are stibseqticndy added to this muat important absorptive 
primary iining of the focHi tuhe. 

The submucosa, nrat to the mucosa, is largely devoted to supporting 
a rich network of capillaries and lymphatics which bear away over the 
body the materials ahsr^bed by the mucosa. 



Fic 211 F*flTt of a lawsa stciion tbniugli Ji intcifilw. fFitMii 

Ma^r. copyright 1547 . by peonissmii of The Mac- 

mitlan Cemipnny, ptihlijltEn. After Holmci.} 

OuL^de of the suhmucosa there is a doulde layer, the miocufam, com* 
posed ill circular uiuscics c»ij the inside and longitudinal miacle* on tlic 
outside, Tliisc mnsdes are mvialuiitary' in thdr action, except for a short 
distance at either end of the tube in tlic stomodaeal and proctodacal re- 
giotis, where they are under the coniml of the will, they effect nutvement 
of the food ihrough alternate contractions by processes of fegmetiiaiion 
and fKnstdsis. fkgnitiitaaon rbu™ the (onien^ of the tube back and 
forth, while perijdalsis forwards it. 

Protecting the muscular Uyeis on the oucidc is a susientativc layer of 
tissue called the rerosui which is ctmtintu'ius with the mesenteries and with 
ilw peritoneum that lines the body cavity. In that part of the tube lying 
r)Ut6ide of the abdominal cavity, iw serosa Is present. 

5. Kegkuu of the Tube 

Since food undergow piogrraaive modification as it passes thrmigh tlir 
digestive tube, the tube iteelf, as would be expected, show^ stnicturai adap¬ 
tations for the perfonnance of these various tasks. (5f necessity there has 
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evolved a plimolDgic^ divLsiDii id labor^ or socialisation ^ which h^ left 
its mark on the morphological featum that dmractcriac the ailmentar^' 
tract hi difTeixnt regions^ Far puqiuHe^ id description tlic entire tube may 
be divided Inlti four ^nnes^ or regioni, namely, mgre^ivc, progreaaivc, de¬ 
gressive, and egressive. 



Ftg. 220. SUhoumrB oF ihe digoi^ sjncin. (Afcer RcKileJ 


The ingrgsfivf ii& the intake region of prehcnfnon and masticalioru 
It invnlv^es I he lips smd mouth with the teeth ^ tongue, and variems other 
striictuTcs cijntainrd therein. The progr^sstFsr zon^, embracing tlic pharyiLt^ 
Qopliagiii, and stomach, is the region of forwarding tlir lood-intakje and 
pawing 11 dmnjgh the preliminaTy ft ages of niodification. I'he //egrrmj-tf 
coinridrnt with the small Intestine^ is not only- the most extettsive but 
abo u\ a sensr the muejt irnportaJU part of aJ] the ^tonra, for here occurs: Uie 
chemical preparalion of the food stufl^, and their ultimate selection and 
ahjioqjtion into the bfood. t’inally, the which is confined 

to the large imesdne, b the region for the e^tpiilBion of the unusable Te^^^dne 
thii* rantfi.it be diverted into the blood and applied to the uses cif the body, 
jhese regions arc shown diagrammatlcally tii silhouette for lishjc^ am^ 
pfaibian.v, bircb and mammab* in Figiire 22fL Wtih thb introduction we 
may now pmteed uptin an tmaginaFy tour of Inspection thtringh the entire 
aliTncntary tract, with our eyrii open for the anatomical scenerj' .doiig tii£ 
way. 

[II. INGRESSrVT ZONE 

L FtK>d Capture and Preheminn 

Before food can travel dong the digegtivc highway, it must be captiirctJ 
and placed inside the cnirancc of the lube* This praresa, which may call 
fnr expert perfonnance, occupies a large part of the waking hoiiuv of most 
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animals, and even Ln the case of intdkctuaJ man is the actimting motive 
behind much of hh daily bidiavior. It is no concern of plants. 

Pnobabiy m thr imijnrity of cases the capture of fond involves some sort 
of a chasCi since ihe animal as well as its food nmy be in motion. Herbi- 
\tMTO have the advantage of depending upon food that is generally sta- 
titmary, so they simply need to seek it outi Sedentary' feeders, on the citheT 
hand» remain in one spot;, catching motile fewrd that conies their way* 
Devices of rariotis kinds, therefore, like rftiary i^ hiripools or stretching ten- 
taclcfij arc employed by Etationary jmimals to bring food irvithm range. 
Manv aquatic animals that are not sessile also use cilia to sweep mirm^ 
scupic food particle^ their way. The ciliated fraternity mclude:? protcKEoan^;, 
sponges, antboKoans, hry^ozoans, rotifersii htTaeiiiopoids, sessile aimrlids, 
britde^Etars, bivalves, ptcropods, eniornosiracarLS tunicates, axnphioxiis, and 
many larval forms. 

Many animals that arc anatotnJcally able to go in pursuit uf ftHid, suc¬ 
ceed better b\ lying in wail for passing food than by besurring themselves 
in up.D chase. They have their breakfa^^ so to speak, servxd to thcTii In 
bed. Such animals frctiucndy develop 
camoullagtng cuiorallon, or^ like 
spiders^ construct elaborate snait^ and 
traps for their prey. Mucous threads 
are employed by certain coelcnte rates 
and mollu^ks to entangir fisod par¬ 
ticles that are then engulfed. With 
the cv'ohition of bilateral symmetry 
ami inerca-ved powers uf locomorintt, 

‘"watchful w^ait^flg^'' eoes more and 
more into the discard and pursuit of 
daily bread becomes the mare imt- 
vruial method. 

^Micn food ii finally witlutt 
ing thslance, tlicrc art many diverse 
or^rans of prehension i Fig. 221), which come into play for seizing it and 
placing it within the mouth. These adaptations range all the way from the 
phm f^udopod of an Amo^fm to the n^achiiig ""boarding house arm” uf 
modem man. 

Birrfs^ possessing neither arms nor hands For taking hold of food, have 
the rflgt of ilie month optming drawn out into a pctlnir forming a homy 
beak w hich is used as a pair of fotceps in picking up thing?. 

The prehensile tongiir of such diverse animals as muds, axiteaters, and 



Fig. 221. A fidi wiih a p/olnisible 
moulh^ paii]Sfig aii kbiect Uirvii cjiit of 
the mu^ldy (Alter Hrssc.} 
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cattiCj becomes a very effective substitute lor a grasping band^ while mus* 
cular lipSj particulariy of herbivoreSj ser\'e a similar purpose in food pre- 
henMOiL 

Some snaltes, wilJi no means for killing ibeir prrey wheu \t is o^'ertaken. 
?etze it with their bacitward-projectmg teeth and sivallow it abve. When 
ont^e within the moudi it cannot easily be ejected or escape, but is forced 
to inch its way down ihn gullet by the propatinaJ rnmlon of the jaws. 

Many unimuk, as for ei^ampk swauii and giraffes, have an elongated 
flodhle nedt as an aertssory organ of prehension, id aid in bringing the 
mouth into the immediate neighborhood of focad. The tniok of an ele- 
phant^ which is a drawn-out nose and upper lip comhiTied, h a nnit{iie 
dodcc for reaching foEid vrithnni the necessity of lowering the heavy head. 

Certain annelids and starfiihcs prrhcncl their food bv c%'Cjting the pliai* 
ytix, or the^ stomachy as the case may be, which enwraps the food and may 
even digest it oiit^dc the body. 



2^ The Xfoiitli Aperture aitj Lip$ 

The mouih Is the architectural centerpiece of the face (Fig, 222), The 
shape and extent of the mouLii opening varies greatly in different animals» 

depending largely upcm the different kiniJa 
of food utilized. 

The Iiirut$ of the oral iJii in tnammak 
arc set by the fleshy cheeks. jVu animal 
wiih™t cheeks, Kkc an alligator or a nest¬ 
ling bird, can open up the mouth to a aur- 
pmittg exieiiu 

Amphioxm and cydostomeB (Fig, 145) 
keep the mouth always open of necessity^ 
since structumlly it cannot be clo^d- 
tnan the slit of rfjc mouth normally extends 
from about the region of the fiist prcitiolar 
teeth on nne side to those on the other side, although there is considerable 
ratigr of individua! variation, as may be commotdy observed. 

The pulled cheeks and rQ!iehud mo uth of infancy arc musiatlar adapta¬ 
tions for sucking, mammalian characicTistics which are largely lost in adult 
tife (Fig^ 223)» The evolution of cheeks in the adult is closely connected 
with the muscular equipment lor mastkation, io it comes about that anl- 
ma].s with reJaiivTly Emiill mouth npeninga are tmiaUy better able to chew 
ihcir food than those with an expaiitsive openings Cheeks and chewing go 
together, for chetb make po^Tle the retention of food between the grind* 


t'ig. 222- l lrjtd iif a hipptipoi- 
^hcrwlng ihc pmjcCtln^ 
FiiCie. tAfler flilithrifiapr. J 
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crs« 'Jliti retainjug ched» of cattle enable diem oth to cbcw **lip hXD” (Fig. 
224). The refinement of chewing friod, with all it* train of anatufoical con¬ 
sequences, is a mamniRlian peculiarity, for it will be recalled that fishes, 
amphibians, birds, reptiles, and ev'cn many uf the lower mammals, swallowr 
their food without chewing lE, 


Fie- 22S- The 
pTotiic of lo* 

[aocy, (Altct 
Ikll) 

In the higher vertebrates the Hps ar^: wo movable folds at the edge 
of the mouth apertun:. They are covered by stm on the ont^dc snd moist 
mucous membrane on the irmde. Hie red part of a lip, an exposed zone 
of transition between skin and mucous iticttihnuie in marii Ls extremely 
sensitive to touch bemuse of an abundant supply of nerve cndinipi. T he 
lower lip b more movable than the upper one- Atiention to the form and 
shape of these poftaU to the digestive tube is ihared alilEe by the comp+ira- 
6vc anatomist and the pocL 

3. BuocaJ Cavity 

Immediately within the mouth aperture of mammals is the v^ibulet 
nr bu^cai bmmtfcd outwardly by the lip and rJiedcjs and inwardly 

b>' the external fare of the teeth and gums. When the mouth b dosed and 
the teeth are in contact, this caviiy becomes practically obliterated, but 
behind the back teexh^ and beiwccn the dosed teeth, iliere is sdU direct 
cntiimunitaiion with the iarger atat 44ivity w'ithim 

Various glands open inside the buccal cavity* Along the inner surface 
of the lips are numeroui mail labid gtmuh that secrete tnucus- These gtanUx 
may be easily identified by rubbing the point of the tongue back and forth 
against ilie inner surface of the when they will be fell as tiny bunches, 
Oiher mucus-praduring glands^ the muiar glands^ open from the cheeks 




Fig. 224. The lajsticacion 
plane of a c^w which .umJetj 
i-t nrecniiry to dievr 
hjn.^ 
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into the buccaJ cavity opposite the b^ck leeth, while opposite the second 











upper mtjJar tooth on dthcr side, is the exit cl Slenson*M duel that dnaivu 
the large ptrf&tiil glend (fig. from which ^taliva flowSi U is not diffi¬ 

cult to Jocaie the openings of these important duc^LH, lor if one stkks the 
tongue into the cheeky and psychfilogically aids the flew of saliva by Sixilung 

at a freshly sliced lemon, or something that 
'"makes Lhr mouth water/^ a tiny stream 
of saliva may be fck spuiting into the 
hnccaJ caviiy^^ 

Birds, turtlis, and moncirernei^ with 
beaks^ have dry cornified buccal cavities 
nearly devoid of glands. No one ever saw 
a bird “ispii." 

Salivat containing a digestive enzyme, 
pfyalin, ia ptoduced at the rate of as much 
nTtif< a day^ for the mosi pan dor- 
mg uic luiakc of food. Since saliva is not 
stpredp the glands need periods of rest and 
recuperaiion between times of ^celcratcd 
activity* The rradee can draw his own cun- 
dusions about the phyrioItJgicid results of 
^ the guni-chcwbig habiL 

inner face of the upper lip in the rniddle line, dcmomtrablc 
oy tnc exploring tip of the longue, is a vertical fold of mucous membrane 
which tenth Ui hnld the lip dose agatnsL the gums. This is called a labial 
fremibimt A second one occupies 

a slniilar median ptrition with ref* 6on« 

cmicethe lowtr Up. \Wk\ Mu«la 

In some animab, such as the 
duckbilL Old World monkeya, 
apes (Fig, 22fi), gophm, sc[uJ]^ 
rehj and other rodenUi, the buccal 
cariiy can be stretched into db- 
tinet f^uchej^ w'hldi are 

used for the tonporarv' stomgt af 


Sulharyy gianilf and 
iflSrr dkicti. (Afltr Gunnirij^limLn].) 


Ff^(+ 226* Ldwcit jnw of ape, ihenrin^ 
erral chrek pobdics. (Alter NuJul) 


food when its cotleclion otcurs under cLfciimstances of tom petition such 
;is lo make grabbing as much as pcx^ble in a irunlmum of time dcalrahle. 
Sometimes gz^^edy little children dcmonistratr their probable rise from am* 
mal ancestry by reverling to the Lherbpouch metJiod of excess disposal 
of food. 
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4* Ora) Cavity 

Behind the mammalian buccai cavity and merging into it^ is the ornl 
camiy. The roof of this cavity, In higher \ ertebfratc5 genendly, k the arch- 
ittg palate which ha? a dadetal foundation of bone^ the hard in the 

front part of it, and is nupplcmctited behind by a ftexibk addition of con* 
nectivc tissue^ the soft pidait^ 

The hard pabiic lie# within the upper dental arch and Is continuous 
with the ^rnjr {gingiuaf}, that are rich in blood vessels but poor in n^rvi^- 
ITie soft palate blending with the lateral wails behind the teeth, ptartiU 
a free pofticrinr bcirtier hanging like a curtain, in the region of the feuerSt 
or the gateway leading id the pharynx. 

Tlie poatenor border of the soft pabte in man is still further prolonged 
in the median tine into a soft, pointed^ dangILig fl^P called the uduIuj that 
projects d<mniward and backwardt and which may easily be seen hsmglng 
down m the back part of a wide-open mouth (Fig. 227). 



227. Qpoi month 
Rowing uvufa, tondh, iUid 
median raphe, (After Cuit- 
oioghauL) 



228 . Pabline 
fidgn in the trof 
of M. do^’b mouth. 
(After Wiedtr- 
shcini.] 


Along Iht median line of the human hard palate, fmm a point near 
the upper median incisor teeth and fading ou( toward the region of the 
soft palate, b a faint ridge, the rapfui, which indicates that the hard palate 
is formed by the union of two lateral compcineiii:^ Ii may he frit, in those 
individual* who stiU have it present hi the roof of the mouth, hy means of 
ihc tip of the tongue^ 

Til many instances there may also be similarly tkmmwtratrd a *encs of 
tram^-eTst folds nr ridg«t at right angles to the raphe, the pat^tine rugof. 
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diminishing in ske frem ihc regian of tljt ttttb backward. *Xht rugae arc 
more in evidence in human embryos dinn m adulis, although ihey noc in- 
frecjumlly peniiM thrmjghmjl Ufe.^ 'Hicy ivash-bt^3nl like in dtaracier 
and ftmi iheir highest dcv'cSopmcin In such a* cats and dogs 

(Figir 22B)t where tio dembt they aid m seturing a surer gtip upun any 
Atniggling victim thal has been >e:ked In dir juwi- 

‘Ihe svirface uf The entire palate, particularly <if die soh palate and 
the uvTila^ is beset with numerous pidtuinf glmds^ whose Kcmion cd mucus 
hdp 10 keep the mouth cavity moist. 
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Fig. 229. The jnmitlLf widely npencdt the dp of the loreguft drawifl 
upward^ tu the frctiiili ot the tongue Mid loinrcc lip^ the opcuingi 
of Wharton3 dutns^ Mid die uiblitigudl ddges. ^.\itcr Toldt.J 


The Jrder cif the oral cavity posterior to the back teeth blend with the 
liticcal cavity into a common ^pace, while the fla^r © largely occupied by 
the bulky tongue, whah fills practically the entire cav%ty when the mouth ia 
closed. When the mouth is opened wide and the tongue is raised and curled 
hack, die /r/nu/ti7n may be seen in the shape of a fold of connective 

Lmut along the mid ventral region, that tends to hoiri die tongue down to 
the floor ol the oral cavity (Fig. 229). OccasioriaHy^ when the lingual 
frenulum U overdeveloped in 3 human infant, such an individual b said 
tci be *^t£mgue-dciJ,*^ and a slight surgical operation b na.c^ary before the 
tongue can atc|LEire the freedom of movcmcitt essential for clear articulation 
in speeeh> 

Eittetiding nn either ride of the frenulum linguae in man, and parallrS 
lu the lower teeth, is a crcsccndc fold of ti^ue, nailed the ridge. 

Along this ridge open the several dueh of Ilkdnu^ Inam the mblinguat soli- 
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vafy glands, while at the widest part of the frenulum linguae, near the 
lower t n'-dian incisor teeth on dihcr ride, are tlic openings of JrAtir?£Hi’j 
ducts, that drain ihc subtnaxUlaTy sedivary ^ifrndj. Thus, three sets of sah- 
vary glands, the parotid, sublingual, and submaxiUary, ptiiir their digestive 
and hibricaring secretJtim of saliva into the buccal and oral cavities. 

Tliia differendation of mouth glands into vanous mucous and saBvary 
gbuds connrron to ff ninnnals doc* tVOt appear among the lower vcitchrates. 
Fishes, which boU their food without chewing, do not have digestive sali- 
\-ary glands, while mucous glands, the mission of which is to moisten the 
food iri the oral cawty preparatory to ssvallowing it, arc also iinitceessary 
and practically absent. 

Among amphihiarat, lining on tbe hcjrder line between submergence 
in water and life on land, sciitteird mucous glands, xermed mttrmaxMiSty 
plaints from their generalized location, make their appearance in inane in^ 
stances, while the protnisihlc tongue, particularly in frog^ and toads, is 
supplied with Unguat glands, sccieimg a vbcous mucus that aids in the 
capture of insectsi and other moviitg 

In reptiles ihr numth glands arc mcire gitniped and localized, ao that 
it Ls possible to speak of pataiiMt Ungual^ suhlingud, and tabid gtaixdi, 
^^eeortling to tbeir locatioiL All of these glatid^ produce fin id that moistens 
ihe food and renders the acl nf j^waliowing easier, although it k donljtfiil 
i| they aid appreciably in digeslicin. 



Fig. 230, Pounn glnnd cf a rAtUcsuikc, with duct pautlnfjE itltf^ Lin;^. 

(After Kinpley.) 

Poison in the mouih of certain snakes (Fig. 230 ), arc iraiis- 

fnrmed parotid gtands, while those of the only liitard known to be poisen- 
€ius^ the ^"giia monster/' Heiadetma^ ci the southwistem United States^ 
arc modified i^lhlingual gland*, 

Birds^ cioted^ 1111^% a paiidiy of cir,il glutick. 

In the case of mam mals, wbicb usually chew their food to some cxteniT 
mouth glamh of two general sorts are universally developed^ mucous and 
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5alivar>v for the cfouble purpose of lubricatioji, and of liquefaction and 
chcmkal madificatfon. MLiconsi ^Luidti are especially essential for hertn- 
vores that cormujnc large quantities of comparatively dry^ bulky food. The 
action of the salivarj^ glands, xsiiich h Iwtb chemical and mechanical, will 
be referred to later in the coiisideratiort ol digtiitive glands in general {see 
Fig/27J]* 

5* Tongue 

What pasics under the name of “tongue"" in the vertebrate series is not 
always strictly comparable tu the ^^imruly member” in man (or woman), 
which must be regarded as the outcome of a long sequence of adaptatioru. 
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Fhf. 231* r>i;t^infnatic vmrnit view of the xpUnchooci^qSqm ami 
TkrvirTK'mtltiiii itf The baiihyot cortilage^ between 

the two lids oI ihc bwET jaw, is iJjt ikeieiAl 1™!* ol (be fishT tuiigoc. 


Amphioxus has no tongue at all, and the muscular pi^on-Iikc tongue 
>f cyclofitomes is such an aiierrant, highly speendizrd structure that it gives 
no safe clue to the tnir beginiiings of th^ or^an among wnebratest. 

In fhdic3< howex^er^ a primuTy tonjfu^ makes its definite appearance- li 
is a non-mii5cular rlevaiifm from the floor of die mouth C4vityf cutiiisiing 
of a covering td mucoiLi ntembranc, rtrctctied crv'cr a skeletal support <if 


Apparatus 

cartilage or bone, derived from tlic framework rtf the gills (Fig. 231), A 
pmjectuig banhyiil caTtilagf, that lies hetween the lovrxr jaws of the man¬ 
dibular aich, U the skdetai haris of this Lind td a tongue. Whatever move¬ 
ment it is capable of is due to cstnnsic tnusdes that net upon the skdetai 
support in sueb a way as to enable it to change position but nut shape, 
rather than upon intiinsie muscles that mudify botli shape and poaiiun. 
ft is aJsci not protrusible, although motile enough to aid sttmewhat in forc¬ 
ing back a mouthful of food to be swallowed, and, in some cases, is beset 
with prehensile tcetli. 



R^. 232. Median section through the floor of the miitiili, shnwhuj the 
Fnrmaliou o( the glanduLai fnrtguc. a, Tfii<in nipfitfii; a, Salamnnilta 
nrnniltita. In fhe luiicr the Rijuirinlar field « caeronchmjj upmi the pn- 
niiity longvir to fonn tlie fccoudiuy tcHigue. {After Haller.] 

The Inwcr amphibians, such the penenni branchiate urodelcs, have 
fbhlikc tongues of mucous mmihranc with rarrilagiiious support. In the 
higher salamaiidefs the horecsboe-shapeci groove between the printitls'e' 
tongue and the lower jaw becomes elevated, parricularly in fnont, into a 
giandular field (Fig, 232), in which a gliitinou? mucus, useful in entang¬ 
ling captured insects, is secreted. This glandular field gradually rises, thus 
DbUtcrating the original groove around die under edge of the primary 
tongue, until finally it bectunes Incurporaied with the latter as an anterior 
projection, forming the so-called secondary tongtit. 

In the median line at the function of the primary and secondary 
tongues, and oiigmaliy connected with the thyToid gland, there is a tubular 
down-gro^%th. tlic thyrogiotsal dud that persists in mammals as the fotartten 
caecum (Fig. 233). 

7'he secondary tongue siwm becomes invaded by btrinsic musclw. 
which gieatly increase the tangc of its tnovementj, and make changes ia 
its shape pussihlc. Of these mtfsdes the gemoghssais act as prutraciors, itnd 
the Ayttg/urMfr, as retrartnm. In the American salamatidcr Kuryeea. they 
become so efficient that the sticky tongue may Iw shot out a considerable 
distance and retrieved with hltredible speed in the capture of insert prey- 
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Ep»Qbtti\ 
}toot of Tongue 
foramen Coecum 
Vofkl^•PapilJa— 
FoTkitB Papilla 
FillForm Papillot 
Fungiform PtrpUki-- 


Unguol TofiKik 

■ 3 —PalaHrteTonatl 
OnSodion) 

'^‘'Sukui T^nninalis 
ni^Modlon PjQpha 

&od/of Tonguio 
(Uppttf Surfoca 
or Dorlym] 


Fp^, 233* sivyi vS tlic huiimn (Aficr Taidi,) 


Thr jycccitidiiiy tongue of mrHFt fmp and toads^ whidi I? ^tucht^d far 
fonAard on the floor of the niotith cavity* k rcrrofiextd when at rest, si: 
that it* puint lies backwattl dovni the throat. When it is flipped out after 
an insect (Fig, 234) or a slug, it h “swallowed” itpttn its mum* along with 
the capturtrd food, and thus lesrored to its original posidon. One family ol 

toads, including the genera Pi pa and 
Xejiopus^ h named AgU:]S&idaCj becaiisc 
in these excepticinal animals, the umgnc 
is dihcr abseui or very poorly devdoped. 

Rq^tilcs embryonkally possess a 
double tongue, like that evolved by am¬ 
phibians, although with considerable 
JnodifkatiozL In turtles and alUgaiors it 
is thick and only sliglitly proLrusiblc, 
whereas in snakes and lizards k may 
become extremely extensible* The little 
wal] lizards, or "^geckos,” for rsample, 
can easily lick the outside of their trampannt eycUih with ihdr tongues, 
while tfnakes can protrude their delicate sensitiv'e forked tongues for some 
ciUtance through a median notch in the edge of the lower jaw, without 
opening the mouth. 

The chamrleon (Fjg, 41), an arboreal African lizard famong for its 
kaleidoscopic color changes, while grasping the twig of a trar iiacs lb long 
tongue like a lasso in entangling its dusivc prey* in much the same way 
as the salamancitr Eurycea from a position on the ground shoots out its 



Fir. 234. Tongue of a t<KijJ catctiing 
a iU\ 
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tongue. The mechamsiJi tn the two cases is somicwhat dUTerenL In Cham- 
fUoti the bony franicwoft of the priniaiy tongue at;ts as a system of exten- 
sihlc kvers to supplement the secondary muscular toraponent of the tongue 
in its protrusion, which is not the case viith Etirytea. 

In birds the bony framework of the primary tongue, which supports the 
secondary tongue, is capccially well developed, 
typically of a median bone or hones, the lepuia 
(Fig. 235), and two pains of lateral hones, the 
small hyoids, and the first branehiais, all of 
which are relics of ancestral ({ill arches. Us 
movement is fadlitatrd by mcatis of cs^trinac 
muse Its attached to these bones, the intrinsic 
muscles of the secondary tongue being reduced 
i3r absents 

A utitidpeckor, whose homy speiixUlie 
toji^ie be projected out of tlie beak 
when impaling a thu Hark of n trrr, 

possesses an elaborate skeletal byoid appiirati^s 
attached al the fiase of the tongue^ and with 
loiif? posterior hatris (first Htanchbils) tying Just 
beneath the sJdn« When at nest each of these 
horns extends from the tiJnguc into the nock, 
then doraahy and forward over the top of the 
skuU, reaching c\-en into the base of the beak 
(Fig. 23fi). As ihr tongue is extended the 
springy supporting hyotd coils an: sstraightened 
out through the action of musctc% whAe the 
withdrawal of the tongue to its origmal posb 
tjon within the beak is aecomplbhed by the 
elasticity of the hyoids which snap back 
into place like i^leased watch-springs that have 
ened out. 

The mammahait tongue. Ukc that of reptila, is made up of two parts. 
The antermr region, somewiwt rough and covered wilh mimermw small 
clcvaiions (fiapiliae) of varioiui shapes, is separated from the posterior pm, 
bumpy hi appearance due to masses of lymphoid tissue ffiBgMof ionnU). 
by a V^ibuped grtfflve, the sulcus Ifrmtnalis [Fig:- 233). In ibe mid-iine, at 
Ehc poaierioHy directed apex of the sulcus, is a small mva^ation, the /om- 
caecum, the remains of the lAjTnJg/ftfro/ duel by which the embryonic 
thyroid gland communicated with tiie oral cavity. 


Thii framc^vork conarats 



ng- 213. Tongiir appara^ 
uii of n Usiiityiil 

reapdtidj to primary touffu^- 
To die braachifil artli de¬ 
ni rms (biuihfBuifihiab and 
pmiterLur taf byrrid ap- 

paratU-l) arc uttudicd die 
ejtuiiiaic tiiiuclci oF the 
tuiiKwe* CartiUginaus piiru 
are suppled- (After Parker 
And Huwcll.) 

been temporarily sttiught- 
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The papUke on the anUirior sectiiio cif the tcugue, usually associated 
with taste buds, aje of four typ®, namely, flUfarm, fuDgiform, folmc, and 
>'alLite. 



B 

Fix. 23^ Schematic rtpreKituiinn o! ihc poihlnn of the hyt,h3 i,pp«ia. 
tiu m ihr ^-^pedsw. a. tviih the tongue wjihdnuvjc b, vt-jih the tongue 
catiisndcd. {Mitr l-cibi.'r.) 

niiform papillae art tiny ihre^dllkp or conitaJ projecdort* that are 
Jargriy rapnndblr for the \Tlvety appearance of ihc surface «f the tongue. 
1 hey art not partkiilarly associated with laiSJtc huefe, altliough they serv'e to 
retain food solutions temporarily. In many matiunals the filifomi papUlae 
become capped over with comeaJ material, takiti|r on a mechanitial rasp- 
htce character, as shown by the tongues of cals and cattle, who use this 
device not only in rating but also as a hair brush, 

Fungifarm papiilae i, Fig. 237) are elevations freim the surface of the 
mucous membrane that suggest the shape of a mushroom, hence their 
name. Tliey are beset witii taste buds and serve to brii^ these chemical 
raceptors into contact with food soliitiotw In the mouth cavity. Over the 
Efface of the human tongue there may he as many as three or four hun¬ 
dred of these papiliae, but they are always better developed in chadren 
than m adults. TTrcy are more numerous along the sides of the irnignc than 
elsTH ticre, and have ibe appearance of small red spots. 

The fobete papiSae, which are usually located near the base of the 
bc^ng taste buds. In man there arc only three to 
^ bat in rttdcnts their number and sbte is greater. 

The most daboratctl of aU the modifications for the dbpiay <,f taste 
buds are the veUatr pn^Une. TT,«. resemble p^jecting knobr^ttounded 
by deep ffTOO'y, like ibc moat around a mediacvitl castle, that serv'e to re¬ 
tain dissuH-cd fcHHl subtanres. In the human fetus mstc buds arc distrib- 
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iited even over the of the knobs, but In adults they are confined to the 
sunken walls of the inoatSj where they are not (inly in direct contact with 
solutions to be tested, but are also protected from mcduuttcsd injury to 
which they would be liable at the surface. 



RlHionfl Pppillot 


Volloffl PopSlI I 


'"*'£pirtioliijrn-V- 

Von Ebfl#T'» dorkck 


237 , Pom™ oT thif ol man iliowln^ liiigiml paplBoe in 

jorfairr and in section^ Anterior toward the left in cath drawuLf, 
[Ailfr 


Serous glands, called Ebntf^s gtandSf open at the bottom ol the 
uinntR and aid in keeping ihero filled with fluicL 

V a ] La te papillae afr usually arranged in tows at the back of the toni^iCF 
There arc two row^ in monotmemes, itiolca^ bats, biM, piga^ honicjs 
edentaies: three rows in rnar^pinls^ squirrel^ many inseetivoTTSy and ap^; 
four niws in the monkeys, MiuiofUS and tUreapitk^cus^ and a smgl& row, 
arranged in a V-shaped rnririaiimi in front td theriulcuSj in ihe dog and man. 
Ihcy are irus^^ng in guinea pi^^ and amey^. 

The pnstcrior part of the tongue h derived from the bases of the hyoid 
and fii^t TWO branchial archo. while the anterior or aecondaiy tongue 
ariws embnonicaTIy from ^ median and a pair of tatrnil swelling^F In the 
human embryo of aijunt fonr weeks of age^ die secondary tongue first ap¬ 
pears as an clrvrTtion from the f\<H^ of the mouth cavity just anterior to the 
landmark of lire ductus rhyroglfiasus, Hus elevation, which is homologous 
w'lth the ^^glandular field” of the amphibians, is eallrd the tubtrcuhtm im- 
par {Fig. 238). On riiJieT sadc uf it are Ungnat swfUmgr from the 

inner surfat fs of the two sides of the skeletal niandibuhLr arch, w hich meet 
at this point. Thew swellings jhjdu increase until they completely surround 
the tub^ulum impar, cniually fonning the bulk of the anterior part of the 
longue. In somewhat similar fashion the copula, the region enveloping the 
liAsihyal sketctil part that forms the foimdatjan of the primary^ tongue lying 
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Rf. 238, St«g[r* in the ihrs-clopneni of ihe human tongue, a. 6 mm 
fmhryi>; a, Ji uim «iiihr>o. C«iiiributinns Irunn ibr tirei three limnchiat 
ardica (I, U. HI] nm indtetilttl rRipertivel^ by liinizuttMl parallel Unci, 
clots, and crofseil the tuhrrrulam impitr » nuihed bjr ciHlet. (After 
Anry.I 


behind the thyroglossal duct, is auj^emed by addilianti from t2ie ndghbor- 
ifig hyoid and anterior branchiid atchc^ to fumi the “fDot” of Uw tongue, 
the part lying in liie pharyngeal cavity (Fig. * 139 ), 


Floor of the mttuth and pbarynx of u 7.5 nun human enihryn, 
rreofinniciltMi, The ^writings on either side. Indienied by tlic 
^Ft* jjfl tlw fint liranehial ateh, give rue to ihe luxly of ihr 
tongue. fAlirf >!cWuTricli.) 


The tongue of ntatnmaii servea many purposes and in cons^uence of 
the detachinetu of jis atitcrior portion from skeletal cdmicnLs is capable of 
great firedom of tnovenicnt- It kcepN the food between llir teeth during 
the process of chewing, and ittarts it on i^ way when it is ready «i be swal¬ 
lowed. It is alsci decidedly prehensile hi many herbivores as alr^dv mrtt- 
tioned. Cows, for example, can grasp a tuft of gnus with the tongue, to be 
siclded off against ^e lower incisors. It is a universal lootbbnish giving 
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point ici tbc phniac dean as a hound's tooth,” and it also sen'cs as a 
ciiTT)'CC]inb for fur-bearers, while ankuak like cats and that lap up 
liquids use ii as a sfHXiu- Finally, its dorsal surface is thickly l»£sei with sense 
orgam of touch and taste, which stanil in readmess to receive die password 
of admittance from entering fond. In the human female it measures about 
three and a halt inches in length—when at rest. 


—inaiTwl 


fi. Trrlh 

'lecdi are priniarhy devoted to the manipulation of food within the 
mouth cavity, to purposes of graaping, cultitig or grinding, althf-ugh in 
some instances they secondarily assume other functitins, such as prehension 
of focid, defence, offence, tir even as aids in tocomoiian, as in the case of 
the walrus ivhich uses its tusks in dragging its slippery liody out of arctic 
water on to ice ( Fig, GO I, 

Ihc exfirmc diversity of tcetlt, adapted to their many uses, affords the 
comparadvc anatomist niurb insight into the manner of life of different 
animals, while to die paTacuntologist they 
are ptcscfV'ed tokens which, like hscra- 
glyphics, aid in rcconstrucditg the story of 
the tcing-vanished past. 

Teeth are the first hard structures of 
the body to put in an appearance during 
vertebrate development, cv'en Iwfore any 
part of the bony skeleton. .4ldiougli they 
cvenimLlly come inio intimate sGcondary 
rcLidon with theakrleton, they are in real¬ 
ity deriviirhss of the stomodaeal region of 
ibc alimentary traci, Ifius these iniegu- 
mentarv derivatives, homologous with pla- 
roid scales, become mO'rphologtcally, as 
well as phvsiologicalty, a pan of the Jiges- 
thx syjftnTid 

(Id :i Structure.— In structure a typical 
matnmaltan tooth t Fig, consists of a 
(rown which pmjrcls beyond the gums; 
nots that are embedded in a socket of the 
jaw; and the nrcA, which Is the tiansitional rergion between the crown and 
n»l 5 . Inside the biJIow looLb is the pulp cavity^ harboring blood vessels and 
nerves that gain access through a paasage-w'ay usually remaining open at tbe 
base. So long as this opening is unobstructed the tooth can. continue to grow, 
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Fig. 240 , ]nag lec- 

tifjii tJirotigk a t^pk^l ciimnt tooth. 
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as gnawing teeth of roticiits do, by mcan!i of inside additions of tmtii mate¬ 
rial. In mofit of the teeth of higher vertehratcs, however, the npening of the 
pulp cavity becomes so confitricted that after a certain size is attained growth 
ceases and, as the tooth wears away by aitrition on the outside, there is no 
restoration* 

I'hc scilid part of the Uxjih is three-fold in character. The bulk of it is 
dentine^ or ^'ivory," a tissue dcniicr than bemr Inn, like it, permeated by liny 
radiating canals^ due to the fact that the dentine material is secreted 
amiind the branches of embryonic cells, the odontoblasts. 

Cn'cr the LTowTi, w^hcim'er exposed to wtht^ the dentine is usually prt>- 
tccted by a layer of likewise petietratcd by very minute c anals in 

the lower forms but solid and prismatic in stmetnre in liigher vertebmttiiJc 
Although nnt cellular in itself, enamel is the product of cellular activity 
and h the hardest, rioiscst, mo^t enduring part of the vxrtebrate body. 

Outside of die dentine around tlie rocitii of the tooth, in those ca^ 
where the tooth b set in a socket, there h a bonelike substance, 
that anchor? ihr tooth firmly to the jawp In ungulates the cement cMcnds 
over the crown. 

The composition of the dentine and euamcJ in the human tooth is given 
by Owen as fallows: 



Dentine. 

Enamio, 

Caldinn phosphate and fluoride . *, 

66.72 

89.82 

Calcium carbonate 

3.36 

4.37 

Nfagnesium p]>osphate ^^ h 

!.()S 

134 

Other fiitlts 

,B3 

.88 

Organic matter . ^ ..„, 

28.01 

3.59 


100.00 

too.oo 


(/j t Ekv^liipmcnl.—In ibr development of teeth six steps may be rec¬ 
ognized, namely^ dento] Uunuia, enamel organ, dental papiha^ crown for¬ 
mation^ riKit formation, eruption. 

.\lKiiJt the seventh week in the dm'clDpmimt of the human embryo, 
certain Malpighian cells of the epidennis along the edge of the jaws, where 
the future teeth are to be, start into accelerared activity, pushing dnivii into 
the imdrrlymg dmitsd thsur in the form of the ^o-caDcd tumma 

(Fig. AlotiK this lamina at intenals wherever a tooth is destined 

later to appear, groups of these iMalpighian ceJb pToliferaic into spherical 
rnamet ^rgunJt which later hiee tlieir connection with the dental lamina. 
Under each enamel organ a ctthcincle of mRamchymal tdis constituting n 
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denial popiiL » fwmed^ and pmses the enamel organ into the form of a 
*iuiibIc*w:iUcd cup. 

Crown formatipn follows through the interaetjon of cells of both papilla 
and enamel organ. The cells <J the dental papilla arc odtintobiarts which 
secrete tilt dentine on their outer stitfaces* thus producing the bulk of the 
tooth. The ceils of the etiamel organ next to the odwitoblasts are rtmefo- 
blastJ which secrete a cap of enamel on the dfiutinc. Meanwhile, capiHancs 
anti nerve endings invade the dental papilla and occupy the beginuing of 
the fmlp cavity. 




tsmtno 
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Fifl. 241 - Devflopinmt of lertL At doiinl lamina stagf: h. cmirnd orpm 
^uute; n. o, «rlv ;ind t«er cJenwl .tage; r cmw« ormutim 

(vr, after «ud Btoam-. u and E, after rarLcr oad ll«welL; 


Root fonnadon occurs sometime later, beginning just prior to the 
eruption of the tooth. The Celk of the edge of the iiivaginatrd cup have 
continued to extend deeper into the thsuc of the jaw but these deepest cells 
do not secrete enamel. Consequcmly the root, fomted entirely by odonto¬ 
blasts, is composed solely of diaitinc. i\s the root elongates it pushes the 
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completed cjnown through ttc enamel organ and more laiperfidal 
until die crown emcri-rs and becomes almost entirely cjtpomi. This processi 
of eruption b known ai “cutting the teeili*" Amund the dentine of the em- 
heUded roots of each touth is deposited, throuith the activity of neighboring 
niescnchjTnal cells from the derma, die cement /ijfjjj', which aids in fixing 
the tiiffth in the jaw, 

Berm an cm teeth of man are foimed In much the same maimer as de¬ 
scribed above for the milt teeth, i lie enamel organ arises, however, from 
the original dental lamina, on the lingual side of the Til's! tiHith gemi in the 
case of teeth which are to fill in places vacated bv “first teeth,” 

Uke the placoid scales of elasmobranch fisW with which they are 
homobgnm, teeth art compound stnicliires of diverse origin, arising from 
ectcidermal amebhlasLS. mraodrrmal tidoiitolila,.ts, and mctenchyTnal cells, 
rhi. horny, msplite teeth ’ uf the jawiesa rv'clostomes are entirely ecto¬ 
dermal stTvicturci composed of coniificd cells and not iiomologcms with the 
ircth of otht:r vertebrates. 

I c l Numher,—Lim er veitrbrato generally have an inderinite number 
of teeth, but in mammals the number becomes drimlie and limited, A re- 
duction in The tuunber of teeth h a mark uf evolutionary advance a^ori- 
ated with tenrextrial life, less food, more chewing, shorter Jaws, and stronger 
minirJcs of mastication, whereas an increase in the number of teeth, such 
as occurs secondanly In dolphins and othi-r tiHiihed whales, may be re¬ 
garded as a revcrsitm to ancestral conditions in coiinerticn with atiuatie 
iit^ more abundant food, and if:ss need [or maatiratiou^ 

There are some tuothles!? species representing every' class of vmtbnitcs- 
Among fi^rs may he mrntitmed the sturgeon. Acif^enser. and the seahorses 
and pipefishes. Coregonu^ wartmanni, a whitefiah native to l.alte Con- 
sure in Swmeriand, is a totitWcas member of a large family of toothed 

fishs (Salmumdac), although this ,ibcrrant species has transient embryonic 
teeth, ' 

Toads, and aniong uroddes SjVru at Inwt, are toothless, while frog^ 
have nts leeih on the lower jaw. ,^iong reptiles the eniire tirrirr of Chcl- 
oma winch indndns turtles and lurtoises. arc without teeth, although in 
CAefofiifl and Tnenyic a reminuscenl ilciual lamina develops temporarily 
in tile embryo, only to failr aw.iy as the homy U-ak hecemes a.scciidant. 
^veml estinct fossU reptiles, for example, Ou^enodon, Ikptanodon, and 
rtrr^nodon. are likewise known to have pos«^^d beaks instead of 
tccLhs 

All modem birds are toothless. That this condition was not always the 
case, however, is shown by the presence of wdl-rlevdnped teeth in ArcAae- 
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opltryx, and io tlir Cretaceous birds of Kansas, Ichihyorttii and IlitpercT- 
nis Fig. 49). Eiulirvonk ifcth. of whldi there is ordinarily tio trace in 

birds, liavx been found in the icrti, Stftnt}. 

.4mnnG niammak, monotremes art without teeth, alar the edentate 
Myrmecophaga mid tlic phoUdote ^lanii, and the large whales 

i’rjcetii. , , 

A curious instanie of hereditary' toothlessnes in man c reported hr 

Thadani * from Hyderabad Sind in Intlipt, where iftere i$ an mhred rom- 
mimity in which the males never havt any teeth. They arc called "Bhudiis; 
which mean* “twitldess." This abnoreialiiy Is accompanied by biildncss 
and extreme sensitivity to beat, and die prcul^ty follows the weU-known 
laws of Mcndrliaii inhetiiancc, being a recessive «:x-linktd character. 

,\11 of these w'itldy diflcrent toothless mamm:ih, hfrwever. furnish cii^ 
bryonit evideiice that, wiib respect to ihh characteristic, they arc degen^ 

crate descendiints of ancestors witfi teeth. 

{d/ Succesihin.—Mfisi of the lower vertebrates are polyphyodont, that 
is, they have a continuous succession of teeth thrmigbciut life. This is exem- 
plifred particularlv in sharks and dogfislics, where the reserve undem v 
teeth mav be rem amuigcd in diminishing rows behind the hne in activr 
service at the edge of the jaw. Tltc cnnlinuous gradation over the margui 
of the jaw that separates the semed row^ of clasmohranch teeth frein 
the pbcoid scales of the skin, points unmistakably to a camnmn plan of 
structure and accounts for vcrlcbmlc teeth as luodihed scales fFig. 169). 

Mammab are ivpicallv dipliyodoat, that is, they havx a rcplacenrat 
of scwrallcd permanent teeth folinwing the first lempaTary milk dentition, 
which allows the young to chew their footl at a lime when the jaws are too 

small to acccimmoilatc permanent teeth. 

Cknain marsupial embrv® show traces of a still earlier dcntitiQn lo¬ 
cated in the arch between the milk teeth and the lips. Sometimes in CX- 
ecpiinnal cases mamiiiaU produce an additional partial replacement of the 
‘■permanent” teeth in btc life, making a total of four possible aiccc 5 inna, 
mimelv. pitlacuai heUat. d^finiiwe, and pflrt-dejinidW, aU of which sug¬ 
gest* tliat typical dipbvndunliim of mammals has Iwen derived from the poly- 
nhvndonl condition of lower forms. Bulk has pointed out that in diphyodmit 
denUlion ihe replacemcm comes from a difTerem mdimctit than that which 
gives rise to the firei lacteal dentition, so that ii is pceaihlc to have represeni- 
atives of both dentitions present and on duty at the same time, whereas m 
poKphvodontian of the lower forms the succeeding tooth in each care 
arises fram the same germ as its predecessor, thus preventing the mtercala- 

• Jxyunfii fl/ 
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don of cm active gencratitin of teeth with thasc of anothtr sue reeding 
generddoji> 

There h. moreover, a tendenq'' among nuunmab toward a still further 
reduction to a tnonof/hyotionl condilion. Marsupials, for instance, jctain 
all their milt teeth except the last premolars. while cctlaJn insectivoiTS, 
lite the moles, Saalopuf and ConJylura, never cm their pennaneiil teeth, 
The niothed ctlaecans (Odontococn), and sonic rodents, as wdl as the 
rcirtilc SpkenodoT,, may also be described as m<inophyDdont. BtiLs ond 
guinea pigs have so f^ forcahnrtencd the normal pTOCcduxc of tooth fluc- 
eesdon as to shed their lacteal iccth in utero. coming into the world with 
their definitive teeth already established. 

It is related of Mirabrau, the great oratnr of the French Revolution, 
that he was bom with teeth already rut, which if tnie must liave been hard 

on his mirxe. Such an ahnomiaiity Is said to occur as rareJv as once out of 
15,000 limes. 

Ordinarily the eruption of milt teeth In man is accomplished in about 
TWO yeani, although it is not iinuiual for the second mllk-molais to come 
a half yar later. The appearance of the pcnnaneni dentition begins with 
tlir emption, during the sixth year, of the fimt molars, just pratrrior to the 
last ndlk teeth. The next year the milk teeth begin to drop out and ordinar¬ 
ily all of them are Jmt by the md of the twelfth year although an bidmdual 
may carry some represmtatives of die lacteal dentition until much later 
m hfe. .As rapidly as the milk teetfi are lost, permanent ones take thdr 
frfaces. After the cfimpletjon of ibis gradual replacement, two additional 
molar teeth erupt behind each sixdi-year molar, with the last permanent 

tooth, “wisdom tooth,“ being fully formed by the twentieth vear in most 
cases. 

Milk teeth differ from permanent teeth by their smaUer size, whiter 
color, and by rhcir shape, being more comnicted in the neck region and 
havmg a greater spread of roots in the Lasc of the back teeth 

(e) Sitmitioii.-\V'hile the trrth in fishes and other aquatic auimak 
wfiur atEached to x^nom skekEiil fciundjilbm wilhm the month cavity, 
such as the vomer, palatine, pterygoid, parasphenoid, and even on the 
longue, on the hyoid and gill arches, in reptiles and niamnuds they are us- 
ualJy confined to the jaws, although In some snakes, and in Spheticdon. 
they occur abo m thr roof of the mouth on the vomer and palatine 

Teeth of the upper jaw are interspaced with reference to those of the 
li^'er jaw. In man the large median upper incisnfs Imt against not onlv 
the median hut ahr, the lateral incisorx of the lower jaw, and every other 


Apffarabis 

tooth of ihc upper jiw, tjtwpi the last mobirs, bites af;ainst the conxspoud- 
!ti |5 tooth of the lower javs' and idso tlic wroth behind it- 

(/} Altitcluuent.—The nntnner in which teeth air attached to their 
skeletal support is dependent upon the degree to which the roots are de- 
vclopetl. 

'rhe simplest t>pc of attachment. lermed arrodont (Fig. 242 )» occurs 
in teeth essentially without roots that 
are held to the edpe of the jaw or 
othtT skeletal foimdalinn either by fib¬ 
rous membrane, or aitkylosed directly 
to the bone in shallow pitSi Such teethj 
which are brolum off easily, are poly- 
phyodont, In some cases diey are 
hinged on by a li^ircnious base and 

may be folded down when not in use, .. , , , 

as In the pike and hake among fishes, as wdl as in many kinds of snakca. 
Fishes iia w'cH as amphibians are generally ucrodont. 

^n improvement over the ai^rodonl method b seen in certain nrodclcs 
/r-g. \'eciurw) ioid lizards, where not only the base but one side t>f the 
tooth is involved in attachment to a shellltkc kdge along the inner margin 
of the iaw fFIp. 242 and 24 J). By this method, which is called ^ewrfl- 
dcfil. the blood and ner>x- supply enters at die aide, as in acmdont teeth, 
pf alt tlie Lip of tiic rpoti 




Acrcd^irit Pleufodotit Thfleodont 
Fip. 242. T>-p«« of ^iiiachrncnJ oi 

tcctli to jikws iAftcir VVicrfcishcimiJ 



Tig. 243- Medial v\r.w nf j Hsurd jaw btiinng tdcamrinat Kett. A(«r 

The highest and most cffiefenl type of tooth has weD-deveUsped roots 
set in bonv sockets in the jaw. a metliod of attachment known as thtcodpnt 
iTLe- 24 ‘i/, by whidi the capnianes and nerves enter the pulp cavity 
through the open tips of the hollow roots. 

Some repiilw arc ihecodom. alligaion and crocodiles particularly, but 
this tvpc of tooth attachment is more characteristic of mammaU. in some 
of wWch the teeth Inive pregrtiwd much beyond the primitive 
function, and tonsequmily require: a stronger anchorage than iM afforded 
by cither the actodunl or pleurwdont mctliods. 
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Thr inciwr Weth of gnawing rodents are so deeply set in bony sockciv 
of the jaws that they become very tITective took, as for example the in- 
cisom of the gopher CeotTty, ( Fig. 244). The beaver Cnrtar, in its engmeet- 
Ing operations, can cut down large trees wiili such leetli. 

(g) Movrniriit,—Various t^-pes of imr vein cut far teeth set in jaws are 
made possible by the niusck-s of ma^icatioo. The commonest tvpc is verti¬ 
cal, nr orthalt movement, which 
In lifting up the lower jaw 
]mi 35 in a nutcracker, the fartliei 
back iciwsiJtl the angle of the 
the work is done, the trinre power¬ 
ful is the effca. 

In carnivores the back teeth cut 
past each other hie the blades of a 
pair of sdESftns, Ungulate^ which 
chew rhe end with a sidewise mo- 

Fig. 2M. Twtb of V rndent. Geomyt, ^ method of jaw 

iJMwdttij ilj|i<nniu, m space b jaw while horses, elephants, 

beiwcTO iiKUdr^ aiwl 111 ,liar*. .4ftcr Bailey.) rotlema, and some other herbbxiratis 

aiilmak practice a “fore and aft” 
mmTnicnt. lii ail of these movements the effective use of the jaw m\tj1ves 

the teeth on one side at a dme, those of the oppiaiic side being tcmpotarilv 
not lu contacL ^ 

Snakes wuh their sliarp backward-projecting prehensile teeth use the 
W and aft movement to advantage in rdcmicssly passing along struggling 
prry^wn the throat. In fact it works so automatically that a make finds 
It djificuh to eject a mouihfu!, once started in the praral-pajin.al milL 
In the higher v^rtehratB sUll other nuKlifications in the movement of 
the jaws may be noted. Dr. H™ma obsen.^ that “with the shortening 
of the canines the human stock dec<eloped cmain rotary movements of 
mastication which may be observed in any gum-ehewing siciiOLoapher " 

{ A) Dill:m-nliatini..-A.:cording to their degme of diffemnUalinn. teedi 
are de^bed as homodom and hetcrodont. Tcttk when practically all alike 
am caUed homodont. but if they are differentiated to serve a variety of 

auc ^ gnppmp, teariugj cuttings or cnjshuig, djerv are known ils 
hi^Urodont. 

The teeth of primitive water-dwcITing txrtebrates are commonly lumio- 

k P«"tnl ur CTjne- 

Sh:i^ and adapted to sen^ as prehcroile niganx Ordinary vertebratta 
with homodoiit teeth gulp their food whole. 
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Kl}, 245 . A fiuJiian ijH*', fhowiisg by *t- 
rtiwi ibc ivv’ft general nl diffritiHllfllMti 
in teeth iinm the firirnUivr (n>iiitcd (wiuie 
teeth tepfcientfil sn hUuJt, 


In evolutionary history, hetcro- 
tlonlism arnse along with experi¬ 
menting upon a ^‘aricty nt foods and 
with the conseiiuenl ooraston for 
chewing. The mamm al-like ihcrap- 
sid reptLei and the manrinals them¬ 
selves arc hetcrodont. The balk 
teeth near the hingta of the jaws 
where the leverage is greatest be¬ 
come modified, into grinding pr<f- 
jrtoian and crushing molars, or 
“cheek teeth,” while the front teeth, 

notably in the case of Todcnia, be- , , , j - 

rrnne speriaUzed into cutting chisels, or itirisars, to divide the fo^mto tas¬ 
sels of conveniciit the, for the grinding mill of the back teeth. Probably the 

piDfft f^n t'pstrai and legist chiutged of 

^ " all hetertidout teeth arc die cone- 

shaped canincf, between the incisors 
and premolars, which rescinble the 
pomted graaping tccih of the liomo- 
doni type. On either side of the ca¬ 
nines, as a point of departure, modifi- 
ci^tiem has taken place progre^ively 
and in divergent fashion, as indicated 
by the arrotvs I Fig. S'th), on the one 
hand toward tJic fialtcned, more 
chisel-Uke type of the inciioTS, and on 
the Cither, toward that of die fiat- 
topped premolats and molanc 

Hnmodontism in the dolphin and 
frthcr toothed whales is shown 10 be 
secondary by the fact that a fossil an¬ 
cestral whale, Zengiodan, was hetcro- 
dnnt. 

The heterodotidsm of camlvorcs 
(Tig. 246} is cbaractcrlstically difftr- 

__ cut finm that of herbivores. In the 

former case the sharp edges of certain grinders fit past carh other like 
shears, for cutting up animal h«d, the grasping canines arc promm^t, 
and the b.ack molan tend to berome dreetierate. It ts the fomtli pretnolara 
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marten 


BADGER 


mongoose 
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Fig. 24G. Teeth of the upper left jaw 
of varicHU canuTOHS, The vertical line 
passes thmuBii the fourth premolan. or 
carMJsi*! l«*h- (.Aher Bosis-l 
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Fig. 2 '» 7 . Selenodant dcDtilifln, or nwbn willt crcscetitic. iurr 4 ic«i t»f 
hiird etiamrl. 


oji the iip]>er piws and the fiist molars on the lower jaws which have devel¬ 
oped this special tcarittg or alicaring abi%, for which teason they an: 
called ternassial teeth. Iti the herinvore type of heierodont drntitioD the 
more anterior cheefc teeth show d^eneralitm, the canines 
being aiipprcssed, whilr the posterior grinders near the 
hinge of the jaw become flattened and enlarged so as to 
cniah seeds, fmits. nuts, and herbage of all sorts sticccss- 
fully. 

The molars tif ruminants present a flat grinding sur¬ 
face further divcjsified by crescentic ridg& id projecting 
enamel, altcmating with softer dentine. Since the dentine 
wears away more rapidly than the emmd lidg^. the 
enamel is constantly kept with sharp edges, and at the 
same a faKp-lUtr abrasive tiujface on the grinding tcclh 
a maintameci. Such crrscemic-surfaced teeth are said to 
he xelenofioM ( Kig. 247 ). Similar enamel ridges are present 
on the molars of cfcpharia, the arrangement of which in 
transverse lines instead of in crescents makes a washtioard- 
^ H>hodet,i (Tig. 248 ), that k par- 
of Atrirun d* elfct live m connection with the palinal or fitini 

irpKvit. {Mlcr ^^ind fnrwird irmiTmcnt of the jahis. 

Owe.) In man and some othet mammals, the grindinu snrfacc 

of tltc molars is rabed slightly into separate rounded tubercles 

and. femg entrrrly covered with cnamd. wears away more evenly. This is 
fiCTrnbttl as the bnnmloni typi? of treth. 



Crrudin^ fnrr- 
parity 


It Li illuminating to know that swne of the ancestral elephanLs 
moilodna for sample, were bunodout, while their more spcdaliied de- 
sccnilatiLs oi tixlay have bteome lophudunt- 

Finidlv. to add two more “dums” to this descriptive vocabulary of i}«r 
teel^ the term hrachydont applfw to teeth Wath short cTOwns and cnmmra- 
ti^-cly long roots, as in man, while the term hypsodtmt chamcteruics teeth 
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with short, open roots and long crowns, such as are found in the dmtition 
of the hofse, in the tuHk* (inebots) of elephants, and the canines of 

boars. 

(i) Dental Fonnulat—In the case of diffemit species that have hetcro- 
dont teeth, it is useful to express the degree of their diversity in sonke con- 
venicut and compacit forni. 'J’his is accomplished by means of dental 
famulae, for example, the pemianeni dentition of man may be expressed 

as follows: |44^V horirorntal line indi¬ 

cate in order from *1^ to. right the number of incisors, canines, pnanoUrs 
and molars on the right side of the upper jaw, while the figmes below the 
line stand for the corresponding teeth in the lower jaw. It is unnecessary 
of course to indicate the teeth on the left ade, which are like those on the 
right ride except in reverse order^ 

The ahart-tailcd monkeys (Catarrhini] of the Old World have the same 
denial formula as man, bui the lung-tailed monkeys (Platyrhhu) of the 
Kew World have an additional premoUr all around, making tiic formula 

2.1 ,S_.3 ^ (jf thirty-ax, 

2.1,3.3 

Some other dental fonnulae are as follows: 


5 , 1 .3.4 

dog 

, 6.0.1. 4 

cat 

^ ■ ! »4 * 3 

pbcetual 3,1,4. 3 ’ 

ritunk 

, 2.1.0,+ 
^■•^3.1.0. 5" 

squirref 

^ 3.1.4,2 

‘^sTTTrr 

mousf? 


3.1.4 . 2 

3.1.4 .3' 


3,1.4, 3 
3.1.4.3 

3.1.3, 1 
3.1,2.!’ 

hone 

3.1.4.3 

3.1.4.3 

3.1.3-t 

COVk' 

0,0,3.3 

3.1.3.2 ’ 


3.1,3,3 

1.0.2.3 

sherp 

0.0,3.3 

1.0.1 - 3 ’ 

3.1.3,3 

1.0.0,3 
1.0.0.3' 




In herbivores the canine teclh art musing or much reduced, Icavmg a tootlw 
hsa space, the dmrfemu (Fig. 24+), betwem the inrisom and the prcmolanc 
The canines arc reiatiwly so small in the horse ihat a practical daaatcma 
exists, fumialimg the space where the bits of the bridle are held. 


















of the Vertebmim 

(/) Origtrt of tbc Motai^—There are at ieast two Lbcnrits to acqo^Jnt 
for the origin of thr molar teeth in mammak . 

Finite the theoTy of Rom- and othere assume that they are 

the products of the fusion of separate pirmitive cone-shaped teeth. The 
pri.merfnr teeth in the jaw' of Spheiwdan offer ciidrntc in support of this 
pc^t of view« 

Tlie other arul niorr widely accepted explanation is the differeniiaiion 
theory of Cope and Qsboni, which postulates the budding out and growth 
of additirinaJ contact surfaces^ or ai$pSf upon the crown of an originally 
conical tootlj (Fig* 249)- This theory h ba$cd largely upon evidence pte- 
seated by the ancestral teeth uf fossil mammiiis. It is quite possible that both 
thcfirie^ wall be of use, since they are not mutually exclusive, in reaching 
a sadsfiiictory conclusitm In the matter 
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Fig, 249i Pl-itt of rnolar tenh. Anfcnbr it lo the left in eatifa 
(After Oiburo,' 


rhe additjon of nvn ^nth cusps rise to the trituh^rcufar tooth 

« hith is ihf typical mnlar uf mammats ^[Cjjcrally from the earliest repre- 
sentauves down (O Eocene lirata. Even today ihu mole Chryforhtom arid 
Certain other iRsectivtqxs, as well as tlic npoKsiim £}iiif{pkySf ojid sfime 
IrmuRi, cxiitbit tfib anrrsTml tritubereular type, which is well adapted to 
the business of tlushinp insects. 

rite three cusps of a tritubocular ntolar arc arranged In the form of a 
trUnglc. Molars <rf the hwirr jaw have a more lateral cusp, the ptotoconid^ 
med^ to whitdt arc the two sccoiidary o^ps, the parttconiti in the anterior 
posttlon and the tnofc posterior metric otn'rf. The correspondijiii cusps on 
rtiolara of the upper jaw are uidirated by the termination—ur. Thus m a 
molar of the upper jaw there are a medial protaeonus and tw'o more lateral 
ruaps, an anterior p/trofoniu ami a posierinr metncoiitir. This means that the 
orirniatJein of the triangle of cusps on the upper jaw is the mirror sntagc 
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of thfli on t\\r lower ja«. Tlie sceniiiiBly elahontc tiirnmology lien: cm 
ploved IS mdispensiihlc to thr stLidcnl wli« 'vould maVe a sUuly of the 
nur, of mammalian teeth- The addition nf catm cu5p on mom hifihly dr- 
velnpcd molara may hring tlie total number to a maximum of six- Mdais 
of the lower jaw. for example. rhmgaU: somewhat tbfougli the dcvelopt^t 
of a pos^lerior extension, the tJanid or “heel,*’ whir.h may bear two or 
extra cusp, Becau-ve Ute teeth of die upper jaw flltemat£ with those of 
lower jaw in moM cases, the protucomis UBually suiltce atjamst die taluuul 

tif the CDiresponcling lower-jaw ninbr, 

Ik) TJuu-sua] TfciJi.“Sometimes a pair of teeth develop escesavdy, 
forming tttsks. I hete may be eilhcr inrisors or canines and arc mort Utely 
m appear in the male th;ui in the female, alUioush Ix-lh sexes of clcphanUs 

and walruses have tu.«ks. i.‘j* i 

The brecst knnwn tooth (s ihc tusk of an cxtlna mammoth, 
ifyn. that is in die Amcnean Museum of Natural ITlStory in New \ork 
Citv. li weighit over 250 pounds and is more than mtecn feet m l^gdu 
The wild boar with tusks fonnrtl fmm modified canmes of the lower 
jaw, strikes upward, while the male "dugong;* llaiicou or aa-cow of die 
lied Sea, mokes the efiecUve blow from above downw.ird with t□.^ks cx olve 
from the upper incisois. In both sexts^ of PhacocAaerur, ‘'“K 

.\Iriea (T'ig. 61 ti). there are four upsvard curving iudi.% which am the 
iramfontied tranino of both jaw^, those of the upper jaw bciuiitif sharply 

Id pierce the upper lip. . . # j . 

In general, tusks, as wdl as the pnmiinenl tnlting inrisors of fodenbs 

main at their base a large opaiing into the pulp cavity, thus jtisurmg an 
abundant blood supply and consequent conlinund growth to compeniialc 
for die wearing awav of the emwn U) which ihe« exposed teeth arc sub¬ 
jected. Such teeth in a way may be likened to angora hair in thnr manner 

of continuous gmw'di, , , ..u 

The male narvshal. Mcnodan (Fig. 75c) has lo^ all its adult ^ 
except an upper Ht emc which is prolonged cnoriTKmdy into a fnrmidabl^f 
twisted pikestaff that may rcacji srvm to nine f«t m length. The saw-fish. 
Pnsth Cflg. 20c), which is tml a mammal but a selachian, camea a similar 
weapon b the form of oti elongated snout, or toUrum, with laterally pro- 

jcciiiig terth aJang its lidcs* , ■ 

In rudents the chiscl-like indinrs are faced wtdi mamrl only on t 
aiileriur surface. Because the enamel b much liordcr tli.m be denli^ that 
i, pmierior to it. thme incisoiS wear away more rapidly behind ^an Ui 
front, constantly leavbg sharp cutlbg beveled eddies of enamel, a 

rodent is so uofortunaic as to lose an bcisor of otitcr jaw, leaving the 


:(X> 


Biologjf* of the Vericbmte^ 


in elisor of the other jaw with no tooth to wear the antmaJ unially 

meets eventual death hy starvation hecauj$e the surviving tooth, imhmdeTetl 
in growth, nficn reaches so great a length that the mouth can. no longer be 
properly closed and feeding becomes impotable. 

Among pohonous snakes a pair of antenor teeth may develop into fangs, 
which are teeth that are either grooved or hollow. Whenever a fa tig Jg 
struct into another animal the secreiion of the poison gland at the base of 
the fang is pressed out ihiTiugh the holtov.' or groove into the wound 
(Fig. 230). 


A so-called egg tooth, compused largely of dentine, is present as a transi¬ 
tory structure m the embryos of snakes and lizards whicit arc imprisoned 
within an eggshell. It js situated in a median position and projects forward 
at the tip of the upper jaw. Tlie young reptile uses it like a can-opcner to 
hatch itself tml of the imprisaning shell. According to Rose a pair of egg 
teeth are present at fim in the embryo of the viper, Fi/wrn, but only one 
becomes developed sufTicienUy to Ijc of service, and thb is shed soon after 
liatchlRg, 

There is a corneal egg ‘Uoolh" of htittiy texture on the tip of the beak 
of many unhatched binis. Although not homologous with the egg tooth of 


snxikf^ ajid ti 7 .ard% it ncvtrtlLclcss 
* \ serves the same putpose. It may 

I Sometimes be seen still adliering 
f* - j to the tip of the beak of young 
I chicJcfl which have just hatched 
which into the world (Fig. 250 b). A 

. _ (After Hill- temporary enjer- 

e«ic>' tool is present in Sfiheno- 
, dnn, the crocodiles, and turtles, as 

wcU as m the monotremes, which are the cpnly mammals that hatch out of an 
eggshell. 

. Himmn T«ih.^Thc teeth of andcni man show cer¬ 

tain ddrcrentcs from llKnc of man today, which possibly give some suggts- 
tion ^ to the direction of the futitre evolutitm of human dentition. The 
jaws m which the teeth are Jirl are becoming shorter and let® prognathous, 
with the result (hat the teeth of modem man are more crowded' and 
regular m crupocm. Also decay, or Ciines, Is more common in the teeth of 
mixlem civilized man than in the teeth of lilt prehistoric ancestors, where it 
wa, practically unknown. Wicderslicim reports on evidences of decay in 
teeth after an examination of a large number of sknlb freni various exten- 
snx museum iulkctiim«, a.( folinws: tL^kimos, 2.5 per cent; Indians, 3-10 
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jKT tcnl; Malays^ 3-20 per cent; Chinese, 40 per cent; Kimrpcani, 80-100 
per cent. 

tn priinilivc man the upper tttcisors came into oppustiioUf edge to edge, 
\%ith the lower ineUuTS, and writ frequently worn flat m consequence, wliile 
in modem man there is a Icndency for them to shut past each other like the 
blades of a pair of sheare, and thus to mamtain a cutting edge. 

The “wisdofii teeth.” or the third molars. a>-nanied by Hippocrates,, 
the Father of Medicine, itre appareniiy dtKimcd teeth. They arc the last to 
appear and the first to go. Frequently they' mnain uncut, or do not def^-rlop 
a grinding surface. In prehistoric man, however, they were plainly in evi¬ 
dence, and they are unusually well developed in negroes, mongols, and 
aborjgixuil AuMraliana. 

The upper iatcial indsors and the scconri molais also show evidences 
of being degenerate slmctures, failing to appear in a ctmsidrr-able nnmljcr 
of cases. 

Davenport ♦ wriija of human teeth as follows: “At birtli the front teeth 
are always formed with cnawd and dentine and bo the imuWc that is asso¬ 
ciated with these mar^Tloua organs begins. ... The teeth are cut in dis- 
comfoit, they decay and treatment brin|is pain, diey arc pulled out with 
pain. . , . Let us be happy thnt we have not su many teeth as Uic ahuris." 

IV. PROGRESSIAT. ZONE 
L PliaryiiK 

The pharyn'T Wfudo the utirtch of digcsuVc fiigbw:;;* from the posterior 
part of the mouth cavity to the beginning of the esophagus. While its actual 
extent is rdativriy Bmall, its diversity of fimctkm, and consequently the 
degree to which it is modified in vadou* vcrtchnites, is very great. 

Tlie pharv'tix serves as a point of departure for describing the respinitori' 
system, since among fishes and amphibians it is the rc|fioit of ibr giUs, as 
well as the point of origin lor the swim bladder of fishes and the lungs of 
land .animals. Thb aspect of the phary nx will be taken up itl the chapter 
on Respiration. Tlic dcBcription of tJic mimerous pharvngeal piarida, thy¬ 
roid. parathyroids, thymus, epithelial corpuscles, anti ultimobranchials. will 
abo be deferred untfi the chapter on endocnnal glands. 

Traveling tlimugh the gateway of the pharynx arc two quite different 
streams of maicriftl. namely food and oxygen. In fishes they enter the mouth 
together (Fig. 251 a), and proceed in parallr! trouisc without muuial inter- 

* H^ur WV Ay CJuf Bfidhxi Hrnrp Htih (936, 
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ference. food passing straight to the esophagus whtrt it continues on its 
Vk-’ay, while oxygen, dissotvee! in water, paises out over the gills hanging in 
the Uiera] gill dits, w'hich like portholes pierce the fiJc* nJ the ptiajynx, 
"llie paired nasal pits on the snout of a fish do not open Into the mouth 
cavity^ and liave nothing to do with the pharynx or with breatlutig. 

In amphibianB. the first land rorms that possess lungs and breathe free 
air, the nasal pits deepen LmtiJ they break through inio the mi>aih cavity, 
Uiercby fontiing a pair of respiratory pa^fiage-ways. The opEtiings into the 
mouth cavity are the iniervai or ckoanae (Fig. 251 b)* These allow 

air to pass to the lungs without the nece^aity of opening the mouth, ihereby 
rxpcisdng its mucous Iming to dLsastrous drying up. Free air is taken into 
the mtiuth cavity through the ehoanae with the mouth closed. After valves 
in the external nares have closed, the floor of the mouth is raisecL Thus 
the air is forced back into the iLuigSj a process which wauld be quite im* 
possible with the mouth open, as the air could tlien escape in the w'rong 
dirccdoii. 



^ F^SH B AMPHIBIAN 


Fig. 25L of the nx^ludon d" the phar^ngtol chiEirfna. Fur 

mao rdcT to Fig. 252. {After WiedcnheLtiL) 

Kmbryonically the lungs art ventral outgrowths from the floor of the 
pharynx, and thus, while the food takes a straight course from mouth to 
c^phagm as in fehes, air^ entering the nostrils dorsally^ ctosEses the path 
of thr food and is forced veniraUy into the lim^. 

Vertebrates ai>ovc the aniphihiarwp that k, reptilcjt, birds* and mantmals, 
have developed a hard palaie, or secondary nxif of the mouth, which forces 
the choanac backward so that the crossing of the ways k transferred from 
ihe oral cavity lo the pharynx. This cronsing is known tht phojyngeni 

In mammals thk arrangement has been accompanied by ihf cstablirth- 
merit of vaTious anatamical modifications (Fig. 252) that, like traffic 
officers at a busy streei ciMjngj regutiic the traffic and prevent confusioiit 
alihoii^h adding materiallv to the rxpettse of mamtenaiicc* The eptgioltit. 
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for example, is introdticed. as a (rapdoor device to guard the m trance inio 
the trachea so that food pas^g by shall not go the wrong way. 

It may be pointed out that if in man air had been made to pa-ss through 
the chin instead of the n£ 5 Bc, thuii avoiding the pharyngeal chiasma entirely, 
a I least some present troubles wotild 
have been eliminated, aUhougb with 
tiui^h a drastic change other difficiil- 
lies might have been introduced. In 
any case the pharyngeal chi^nia 
clearly stresses the fact that tJUr ana-^ 
lomicaJ machinery is the inevitable 
Tr_sull of many succcMve mtHlifica- 
tioiis rather than belug formed de 
nauo from bluepriiit spcdficationsi^ 

A moral to be gained from compara¬ 
tive anatomy* "well as from other 
aspects of life* a Ibai one should seek 
in tnaLc the best of his inheritance* 
whatever it isj rather than vainly to 
regret not having been entiowed with 
periectiQn in the beginriuig. The ac¬ 
quisition of adaptaUuns by successive 
Plages, each of which is always de- 
prndfnf upnn whai kas gane before, 
is not ordy the rncthcxl invariably 
billowed in ihc phylogenetic estab- 
lislmirnt of species, but it is also the only way that any anBtomical stnicturc 
in an individual comes into being cmbryotiically. 

Ill mini the pharynx is shaped somewhat like a funnel about fWc inches 
deep. It extends from the baiic of the skull tu the level of die sixth cervical 
vertebra, where it narrows into the e^phagusi Its three merging irregular 
cavities, our lielow the other, may, for purposes of dcsjcription, be design lited 
as the nasopharynx, oropliarytix, and laryngoptiaryTix- 

Tlie upper nasopharynx (Fig- 252). which is not cemremed with all- 
menum trufRc but h entirely respiratoty' in function, lies dorsal to the soft 
palate. In general it mairi^. a dcfToiie contour* rince its bony walls are pr^ic- 
tically Indexibk. On ciriitr side of the fiiisopliaryiix optm an Enstorhian 
tube from the air chamber of the middle ear. These tubes are the morpho¬ 
logical sticccsBors of tlie second pair id ph sbts, or the spha^tei, Ijctwecn the 
mandibular and hyoid archo of anrestrul aquatic fomw. 
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of the devf iopment of the hard pnliitt 




Bto/ogy of the VLirti^brdtm 

The pTtkpharriix^ postertur to the naisapbarynXp communicates Uunsigti 
the iithmus */ thp faitreSf or the posterior csil of the oral directly 

with the ca^'ky Ltsclf. t'omiiiij^ the ventral wall of the oropharviix is die 
bast! of the tongue that here asatmies a vertical practically reduring 

dir nrnphnrynx to a tniiissTfsc slit when the ttiouih b clo^d. 

On the ridc:< of the oropharynx arc two massis of glandular or lymphoid 
tissue^ the palaiin^ ion^lSt while upon die pcjstcrior wall of the miiophiin'nx 
is still mofc of this pcojliar tissue^, the pharyngtal rnmmonly know’n 

when enlarged as nd^naidt. On ihr vertical face oJ die bassr of the tnnguc, 
liehind the snlciis terminal lb, arc dir Hnpuil toniih (Fig. 23:1). An incimi- 
plcic ring nf tonsillar tissue, therefore, ^urmnnds the phars^gca! passage¬ 
way, of whic h the part made up of pulaline tumih is the rnci^l prnmiTlritt, 

Along with tiu- lunsib there b dfr\elKiped ihirtughout die entire pharjri" 
seal region a variety of aiiaptivc glandular and lymphoid Sstmctiires having 
A wide range of funrticim, and futmtng the scat of many ctimplicatkins 
and irinjIilrA, both stTiictiinil and phyriological, that phyricians and sur¬ 
geons spL-ciahziiig in this fbtd alone, have their buFy hands fiilL 

The ltifyngop^uLtynx\ condnupu^ widi the ompharynx, is the indrSnite 
lower pit of thf phaiynx betwci-Ti ihc soft palate and The csopluigus- It 
includes the c riliral region of die phsiryni^ciil clnasma, and surrouiiik die 
larvnx. or voice b^jx. Except dirring the passnige uf foud, whit h slips psi>^t 
down either :$ide of the dosed gfr^Uh, The lanngopharyTix h tolbpsrd into a 
narrow sliu 

Titus it will be seen that die pharynx aa .1 whrjlc, like a colonial Isitrheri, 
iifjcais into iCtrJal adjoining spaftrii. It hxs comniuiiic%aiion in fact thtough 
seven rliFFercnt opeiungx, nsracly, two chcianac^ and two Eustachian tubcii 
iu die nimjpliurynx- the biliniu^ nf the Liiicc^k in the ornpliarynx; and la 
die lurj ngiipluirynXj the gloTtb and the esophageal opt^ning, 

2- Esophagus 

Over the eiitmnce of the emphagtis might wtII be written Dante’s im¬ 
mortal line; "Atl hope abandon, ye wlio enter here^’^ for in it 5 rnurse the 
itiusdc^ of iiF walls pass fjiun toI notary Ui invoUmtan frerve root ml Of 
all the vertebrates^ sntnc birtl& and the runiltiant moimmals ate exceptionni 
in that they have v'olimtarv muscle fillers extending the whole length nl the 
csapUagiw and are, therefoir, able i« rrgiirgiiate the food at wiU. The 
Mi-calkd “mills^' which si^mc birds regurgitate is used m feed ihdr young. 
Knminanui, on the other hand^ fegurgitatc their hastily swallowed food for 
more prolnngril chewing, 

Thr r?mpha.eiiii, .1 short rnmparalivrly unmodified part of the digestiv'C 
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tube btiween the pharynx and the stomach - Fig. 253) i b primarily a 
spbinetcf, the oflitc of whith Is to fomar^i food by pcrisiaM:^ abenj its 
f siurse to a pfiiui btyond nonaai control. 

'llic peristaltic anion of the walk of the 
c?K?phagu 5 B well sihowti by a honic drink:- 
ing at a br<K>k, lor the <d water 

taken in ha\^ to iravet up liill along the 
neck and their passsage h externally vis¬ 
ible. In the ca'c of a ^nakc thr violent 
peristakis nccissary^ in swalbwiiig: a com- 
paradvdy Large mrn^I of ftKKi, such as 
.1 frrpg> is supplemented by the miisdrs of 
I he body w all. 

When nut in use the esophagus ceJ- 
lapses tn modest dimcrBious, but upon 
occasion it is capable of great temporary 
distension. There &re *‘i^rram 
can even swalbw aiiorrier nsn larger uiLi.ri 
thcrruielves [Fig. 254 I. In many verte- 
bralcs tlic inner UttiJig of Ehc esophagus 
is characuaijed by expansive Intigiludi- 
tial folds that allow for a sudden increase 
in diameter during the art of swallnw^- 
LOgj but at olh^r times contract so that 
the tube may occupy' a mlnimuni of space. 

The inner lining of the esnphagus of 
roarhie turtles b be^l with twictward- 
prujcciing homy popillae* which enable 
tlteni morr easily tu swallow the slippery 
seaweeds upon which they habit uaUy 
feed. 

The knj^h of the esophagus Is de¬ 
pendent brgely upon the presence or ab- 
se 2 }cc of a neck. In frogs and toads the 
nrt k is reduced to a ttiuiimum so that a 
lly entering the tnauih of tine of these 
animals finds itself almost immediately 

landed in the jitomaclip whereas in long-ncctcd animala, such as die 


Jig. 253 . diiipfrajtiitiiitie view 

of the wslem m man. The 

livrf tian ticr[i tipped anterirprl) to 
$\um I he gA]\ liladiirr aiui enasmoii 
bik dsirt The tnuiivenc caluti Lu 
been eui to shfTH.' I lie duLidenuin [ thr 
of the smaf! intejftine^, hui 
its counc is iTirlirmcd by dotted llnet 
;Afirr Ctumiogfiam.} 


gimlle for example, thr tsiophageal advenUirts of focid arc mueh. more 
cxictided. In adult man the Icn^li of Uic esophagii& is appmximatcty 
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Fig. 254. A fiih iHaL hm swaUtJwed 
another fish lai^er iwclt. 


fourteen inehcs, the lower eiui pleidng the di^phiugm to enter the body 
cavity belure jpini&g the ^omadL It is only this ^ort portion within the 

body ca%ity that is provided with m 
seresa layer of tissue out^dc the muscular 
and mucosa bycts. 

A noteworthy difTcnsitiatioit of the 
esophagus in birds is a Lateral enlarge¬ 
ment known as the crop {Fig. 255)* 
which may serve wmply as a convenience 
for the temporary stonage of food hastily 
seemed in the presence of cuemiea or 
rompetitors, as m thr case of seed-eaiers generally, qr may be sappiied 
w'lih glancb w hich act chemically upon the food eaten. Pigeons produce 
A cheesy nutritious stibstance from 
the lining of the crop, called “pigeonV 
milk.” that h fed to nestling by 
regurgitation. The tropical hoActzin, 

Opistho^&mui, hais a muicular crop 
which works mechanically upon, the 
food that hndf lodgment in Ih A 
chicken going to rooflt with its crop 
rilled with corn, falb askep unham* 
pered by the cnncirjuous effort of pick¬ 
ing up food and ^Teeds’^ all night long 
while resting^ as the crop^ like the 
hopper of A grhrmiUj rdcascs Its con¬ 
tents automatically and pcTicdicalty 
to the glandular stomach and grinding 
gizi/iard as needed^ 

Among the lower vertebrates any 
external Unc of dcma/catioD between 
the esophagus and stamacii is either 
ah^nt or ^Agne^ hut in hinb and 


rnammab Lliere is usually a definite point of tranatiDn, In many cases it ts 
rader to gain entranre to the jtomach from the esophagus than to escape 
from the stomach Inio the Intestine 


3, StomAch 

'Fhe stomach h a conspicuous enlargement of the dlgesrtjve trad lylog 
between the esophagus and the tnicatme fFLg, 256 L Offgirudly^ as in some 
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fishes and sakmandcre, it is spindle-shaped and arranged to confonn wjih 
the general coaitour of an elongated body, but to higher vertebrates it 
becomes saclike in shapti assuming a somewhat iransversc position in the 
body cavity. Between Uiese extremes may be found many gradatioiM ol 
form and position. 
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Difrcnmt itomschj. 


The stomach of the dogfish, for example, instead of bring a primitive 
straight spindle-shaped enlargement with the enimice and exit at oppcmic 
ends, is doubled back in the form of a J-shaped tube. Stomachs of similar 
shape occur also in the flounder, haddock, salrntm, iiarp, sturgeon, sole, and 
many other fishes. In fishes such as the perch, smelt, herring, bullhead, and 
whiting, the loop becomes fused along its inner bend in such a way that a 
bae-riiapcd pouch, or fundus, is fermed w-ith the rntmncc and exit brought 
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ne-ir togctht^r ai one side. This type of a stcimach, whcii shifted into a trans¬ 
verse {Kfijticin, IS much like that of man, with a lei^er cun/tunfe on the upper 
side between the entfaiitir and the exit, and a gr^aitr curviiiiirc forming the 
larger eontour aroinid the outer margin or elbow laf the stuinadn 

The mtmnce to the hiiuiuri stnmach is somevkhat larjjer than the exit 
and is Jrfls di^inctly marked tiJl, although the lining uf the digestive tract 
itsidf in ihr region of die esopluigus Is easily dhtinguished fmm that cif the 
stomach* cwn \^hcn the external transition from one part to the Other is 
crxtrcniely vague md iiidcfinitK, 

The exit from llic stomat h is di^d by the frytoms^ or pytonc a 

fold of mucous rnembrane reinforced by a sphincter muscle, which relaxes 
temptirarijy hir thr release ai fijod into die jtitcstiiir only when the stimub- 
dve password of pmper uciduladon is givtm 

The walk of the ^ttomach arc muscLilar enough to ttifiurc the active 
movement of die ffiud-mass amiind and around by perktakts until It has 
been reduced, thmugh nurture with gLmdiilar secretions^ to a suitable con¬ 
sistency and degree of acidity. In other words, du: im\d \k kneaded and 
mixed under muvular pirs^urc. Then, as it k presented at the dciscd pylorus, 
the sphincter muscle rda\c5, allowing small successive amounts of the mb- 
Ture^ called chi^ie* to slip thiough into the intoitlue^ 

^\iTiphiuxLia and larval cyclosiomcs, which have not goi^r far enough in 
CTOlution to develop pcrbtaldc muscles, have, according to Schimkewitsch, 
die entire digestive tube lined with r ilia^ the mission 
of which » to keep the fofid moving along^ In the 
human fctu$ jiko* a possible reminder of whence 
man came^ the posterior part of the ittomach hnmg is 
eJmhed W'ith citiii. 

I'hcre 13 a tendency for the stomach to become differ- 
cntiiited into two or mnre irgionsT distinguished fmm 
each erther by Jocarlun aiid function. Thus, in the J- 
shaped stomach of the dogfish ivhich involves hidf the 
entire length uf the digr^tive tract one ^peal^ of a 
limb and a Hmb^ wliUe m cenaJn mammak, the mouse for 

example, a constriction in the middle pan of the stomach marks off a car¬ 
diac chaml>cr fn>m a pyloric chamber* 

Medical lUcrature crnitains neferencej to the ixcariotiid occtimmce of 
so-called ^^hmir-glass stummiL^" in man [Fig, 257 w^hich tjcar a strong 
resemblance to the mo-chambered ^tnmarhs of mice, Certaiii monkeys 
{Hyl&buies and Srmnopuk^cm) show tlie same feature. Whether mch 
unusual strurturcs in iiuiu ^ire patholngjcjE or aucesiral is uncertain. 
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An eirtTcmc subdivision of thr stomath is reached by tlif niminanm, 
which have Jour “stomachs” I. Fij». 25B). The firsl in order is the “paimch/' 
or rum^fR, which is a spacious storage bug for the temporpry fcceptiou and 
fermentation of grasis or herbage upi*u which mininiiiitir fecdi Mim)* 
organisms prestmi in tlie rumen of domestic cattle, and posiblv other mmi- 
Hants, act upon simple nitrogenuiis compounds to synthrsiic proteins as 
well as sufficient quantities of the B-coinplcs. vitusnins to wipply the dietary- 
needs of these vertebrates, from the rumen the food is ppised over into the 
“honeycomb stomach," iir that, ;is its name indicafes, is lined 

with many shallow pita. ^Vhen 



leisure fnun prehensile feeding 
comci, fond which was hurriedly 
swabowed with little mastication 
is regurgitated into the mouth for 
techew’iiig. This Riiiierial, coming 
b part from the rumen and in part 
from the reticulum, is known as 
the “cud." It Intludci roughage^ 
such grains as happen to be 


napped in the roughage, and a lig. 25fl. Dbj^nin oJ a mmliuint itomach. 


crnisidemble quantity of water with bioLcn Jin« diuwiag ihc cotme of die 


which f£iciljt3.rc9 the passage of the 

cud up ihc csophii^us, Duriug the fixEi few rhcwhig too vemtnti the juiimal 
swallows moat of tin: Uqiiid brought up. Alter reuiafidcatjati ^icl a. thoroiiigh 
mixing ytilh the food s^^hllowcd and pa?^ once more into the 

nuTum^ Then auoLher cud is rcgurgiiutedp thus Ijeginning a new cyde of ra¬ 
mi tuition. Mtist of die food that been thciroughly chtwtd mid mixed widi 
liquid soon passes into the reticulum and dien phortly in to ihe <nnamm* or 
'"manypltes slnmach.” 'ITiia third cliamlicr b lined with numerous folds and 
comnniuitates dli^cdy iviih die true “gUnduliU" stomaich^*^ or abomamm^ 
where the food is mixed with gastric juices and chemically modified before 
bring forwarded Jnto the mtrstinc. In “water ccUs^" in die walh of the rumen 
and reticulum, camcb are abk to irtore reserve waiter which enables these 
desert animals to endure prtjlDrt^=;cd periuds of diynr^. 

The vaDqure IxU, Df.^modwn, exhihits a peculiar ^daptatioii with refer¬ 
ence to its blood-^irklog habjt5, the fundus of the stomach being drawn 
down into a drep eJastic pouch [Fig. 255TrVTicn a vampire fajuens on 
to a warm-bliKided dedm h con fill this spacHiujs wiili blood until 

the entire l^cidy Is swoDcn in coiwqurncc. 

Tiu; caniiac and pyloiic rrjnons tsf dte stoniacb in birds ttave become 
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!-eparated into chambers very unllie each other in character (Fig. 255}. 
rhe cardiac chamber, nr prwenirkuius, which opens into the 
iccotncs a ^andular siomath, where the food undergoes some preliminary 
maceratjon and chemical modlficadon before reaching the 
gizzard through which it passes to the intestine. The gizzard 
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has a thick muscular wall and is lined Vkdth a hard secreted 
layer. In thk nmscuiar tni!! fwd ifl grcmiid up* histead of by 
means nf iceth as in mamniiik, Gravclj or '^gizzard stones^” 
retained tcmponxiil)' within the gizzard cavit)\ aids in the 
process uf food tatrilioa. The whole device is a part of the 
general program of centralization of organs whirh ihe hinds 
as adapted flying marhlnai, hiive evolved- Tlie highest dif- 
feraitiatinn of the gizzard is reached in seed-eating birds 
the least in birds of prey. 

Among reptiles the crocodilian stomach approaches that 
of hirds in its difrcn:ndatioiiT shicc a gizzard-likc pyloric 
chamber fcccivts the food after it passes over from the 
glandular cardiac sac, which correspontis to the chemically 
funrt toning stomach of other animab^ 

Thert arc at Ica^ three g?encra] functiong pcfformcd by 
the vtriebri*ie i^tomachH, namely, storage, mechanical manipn- 
btioiir and fhemlcal modification. 

The advantages of foQii sto^r^gf are obvious. Among 
lower {wrdeniary creatures, like sponger and cbms for exam- 
pjcp there is no provision for food storage, in consequence 
of which feeding is practically a continuous process. With 
the necessity of huniing for food, rivalry for daily bread and 
adxTntttnius escape from devouring enemies become mmre 
and more the comtant daily program of aiunul exigence. 
The na:c$sjty for seizing a sufficient supply of food, when 
it b available, in a minimum of time and then retiring 
to safetv' or engaging in iithcr actmtics, is apparent. By 
periodic vokiniacy filling of a tttoragc chamber like the 
stomach with food, opportunity is left for other activities 
at the same time thid the involuniary marhiriery of ihe body 
is faithfully attending to die digestive pn>cesscs with meiJcu- 
hius delibcratiari and care. 


The Function of m^chanict^t mttmfndaiionj, or peristakb, has already 
been meniioned. By this mc^ns the mnst^ular walU of the stomanb tncad 


the food-masa around, mixing ji with digestive secretions. Tlie raovTinent 
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may actually be seen upon a fluoncsccnt screen wKcn an animal like a cat, 
whose fcKjd bas been mixed with barium sulpbaie or some other substance 
that is opaque lo X-mys, is expejsed to their action [Fig, 259). 

The funcuon of ciumUal nodificaihn is dependent upon the presence 
of glands tti the lining of the stomach, which produce Sfcmicms of various 
kinds. lo the region of the fundiia. gtislric stands are most numerous. Th(^ 
produce hydrochloric acid and three kinds of enzymes, namely, pepsin, 
rennitt^ and ^aifnV iipase, which do preliminary service to the chenucal 
reduction cf prerteins and fats. Pepsin, acting only in an acidulated medium, 
breab down protein foods to shnplcT compounds; remim coagulates the 
protein a constituent of cheese, out of milk, rendering it capalile td 

being changed by pepsin into rimpler substancra that are prepared to 
undergo other necesary cliangca farther along in the tligotivc tract; finally, 
gastric lipase begins the work of spliiiing up fills into soluble fatty adds and 
glycerine. 

It is tlie hydrochlork acid generously produced by the gastric gSands of 
dogs that enables them to dissolve bonra wbirb tlicy cnmch and swallow. 

The protein lining of the ttomach lisclf is not diijcsied by its own scer^ 
dona because its component cells are living and thus resistant m enzymatic 
action. It is only when a ceU is dead that it yield, to deatmctlon by gastric 
juices. This e-xplaiiw how a tapeworm can Uve and prosper while bathed 
in ihc disjestive gnsttic scrfctions of its linal. 

Man is the only animal tliat hastens the reduction of food to soluble 

form by cooking it. 

V. DtCRliSSIVF. ZONE 

The inicstmal stretch of the digestive tract is a long lane with many 
turnings. In higher vcrtebratcfi it is differentiated into the smaS inferiine. or 
dcgrt^vc zone, in which food subsiancrjs passing through are divTrted inlo 
the blood stream, and a Jihortcttcd part, usually of somewhat greater diam¬ 
eter, kutiwn as the Inrpr mifstine, eonstitutmg the egnarive zone from which 
the unutilized iraiduc of the food-maJS> is ejccted. 

t. The Small Intestine 

All other regions of the digestive tract are snliaidiary in function (o the 
small intestine. H h here that the food-ma®, which ha-i underRone chemical 
and mechanical modification on Uie way, a finally fOrtverted into sufli- 
rirnilv soluble form to be passed ovxr into the blood stream by diffiisiDn, 
whence it is finallv dbtribuicd to the uttcmiost needy cells of the body. 
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The straight j comparativ-dy short mtestine oi cyclijatcsmes^ uudifTerenti^ 
Pled inio ^all md large regionj, has lls abyorbitig stirfaiir incrrWiccl by a 
typktosolej an internal foid mduding mucosa and submucosal vkhich maic^ 
only a few spiral turns in die entire length of the iTitestine i Fig. 211). 

In dasmolirancli fishes the typhlosole, making nuniemui^ spiral tums^ 
is much longer than tlie intrj^tine^ with the result that it Ijcciomes twisted into 
a spbai Ufihe (Fig, 212). Tlih makes an enlarged surface widtin a verj' 
compact space for the diversion of fouth since ihc irtcstinc b no longer than 
die J’^hapccl stomach and b not bent. 

\ ripiral valve Js abt^ preseiil in the iiUci»tinr of dipnoans, certain ganoids, 
and at lease one exceptional tclcoftit (CAjr?Tcrrfp.frfcr). Twisted coprf?iiifl 
(fosdl feerst), found with the bones of ichthyosaurs, indicate that thc-se 
extintt reptiles might abn luivr heen equipped with a spiral valw dmee 
dial moulded the feces him a twbtcd shape. 

The ganoids show' a differmt me thud of metea^ing the intestinal surface, 
by means of pyitme caeca which an: jiadike divenituhL at the Iwginniug of 
the small intestine tFig. 2J4) - Both spiral valve and pyloric caeca are pres- 
eni in the sturgeon, Acipcnjtr, although prarly dev'cloped. 

The next step In the evolution of the >mall [niciilinr b found in the 
teknst fislies. which have given up the xpirpt valve idea and gone over 
rnthelv to the cblKiratinn of pyUnici caeca. In suine uf the Ixiny fishes these 
struttuits form a large tuft qf tubules, occupying coniiiderjihir space wiilihi 
the eoTLStricted body cavity (Fig. 214)^ They vary in number from one in 
ihr ganoid PalvpiifTUs, anti the flanildanve, AmmadpeSf to over tw^o huu- 
dred in the Tnarkirrelp Sromhrt^ 

Tlic dbtiuctiuii between die small and large intestine begins with am- 
phibiiiTts ahwi the diversification of the inner surface of ihc small iriiestinr by 
villo^itics, which nrarh their greatest differemiatinn in the jmnall intestine of 
numuuaJs. In amphitiians dir rntvrc* lining of the digestive tract is composed 
oE pjientially absorhiiig cells, corrcffponding in furtctiou to the small hues- 
tine of higher forms. 

The slijggbh reptilcis as a class have a dcrmUc large intestine marked off 
frrjm the ?tiiall iiiteRtinr lliai joins the stomach. Ax the juiiciion brtweeji the 
small and large intmines a new^ diverticulum, the cofk caentm^ appears 
(Fig. 215). TTir eoUc caecum of a Lurtie is hardly more than a alight 
eTTlargcnumt, hut higher up among rabbits and some olher rotlrnte It mav 
become an cnormoitsly enlarged tube whh an intemal capacity nearly 
ei'iual to that of the rest of the digestivr canal to which it is altached. 

Birds, which luiv-c e^^ulved a lung way from their reptilian forebcaiSt 
have a rniich cniled small intestine, two colic caeca, and a lat^^ luifstlnc 
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lliat is decidedly foreshortened, rfnee it is incoinpatible with their strenMOas 
aerial life to carry ahotit the ballast of unnecessarily retained feces. The colic 
caeca are short in pigeons and compaj'aiividy long in ovwjs and turkeys, Tn 
ostnehes they ate sometimes reduced to a single caecum, which is as capa¬ 
cious as all the rest of the smxtil intestine and is made even more effective fay 
the practice of a spiral valve* 

The small intestine of mammals is usually easily distinguiahiible from 
the large iiftraUne, a amgie colic caecum marking the transition from one 
region to the other* Excepiiom ate Tricheckuij Hyrn*, and the edentates 
Dasyfms and AIyrmcophaga, which have two colic caeca. Monottetnea, 
Ikdi-eaiiiig miinupLiK inosi edentates, iasectivores, bats, camivoies, and 
toothed wliales, either lack or have tmly a small colit raefuin. hut in herbi¬ 
vores it is so large iliat it may even cxcveii the htxly in kngUi. IleibjvoTes 
also have a notkeafaly looger iritestme than raniivorcsn 

The degenerate free end of the colic caecum forms the pmeenus virmi- 
in certain rodents, civets, tnemkeys, and man (Fig. 2 !6). According to 
Wiedersheim the processus vcmiiformis. or vgrmiform appendix, io man. 
which has outlived ius usefulness and bears an uniuvory rcputatinii, varies 
in length from two to twenty-five centimtlcw, with an avera^ of about 
eight and one half ccntimctcra. It tends to shorteo with age and to herome 
closed in later life. .Siatistica on the closure in IflOS ohserved cases are given 
by Muller in percentage* as shown in Table IV* 

T.\BLE-1V, CUiiiine of Iliminn Vefndiiinii AppemUt 

Vlomre 


Age fm feari) (P" evnt) 

S 9 

1 lo 10...,*. —2'0- —....... 0.0 

li " an.. .5.1....,.5,4 

21 " 30..0,4. .. 8,7 

31 “ 40.. ..12.7 . 

4t “ 50...,.,___ 20.2. .......34,3 

51 - 60.. . 2U.5,.. .30.0 

61 - 70.....20.3.......50,0 

71 *■ fio......,,..,.30,7,.. . .....26,0 

61 “ 90,..53.3 52.0 


The amall intestine is divided more or le.'s arbitrarLly into duedenum, 
}g)unu 7 n, :ind itetint, a dbtinction whidi, ihuugh first made out in man, 
applies Ur most other matnnuda. 

The i/tiin/emint, or part neat to the stomacb, w cnmparatiwh’ shon. Thf 
jr;unum, which follows, and the murr posteriori)' located ihunt, lomimg 
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£kboLit equal letigiiis of the mnaindcr 
of the small intestine^ arc not distinctly 
marked off- The jejunum is richer in 
blood vcsscU as well as having a some¬ 
what thicker wall and wider lumen than 
the ilcum^ 

The characicrisrici modification of 
the lining nl the mammalian small m- 
(estint is the presence of miiumerable 
tiny thickset velvety projections^ of uitlu 
which cnonnously increase, in a mini- 
miiTn of sipacc, the absorbing surface ex¬ 
posed to the dissolved food- In fact these 
are the deEnite orgam of ^ — 

Each vilius consists of 
TJroiection whose thin wall of cells en- 
capillary loop and a mkno 
scopic or terminal element of 

the inicsUnal lymphatics (Fig, 260) * 
fat iKiii has been reduced to lower 
imns in the intestine passes into the lacteals and thence to the lymphatiea, 
event nail y cmpiying into the venous system by way of the thoracic duct. 
Digested proteins and carbohydrates ate collected by the venous cap^tarics 
vl the vdlli and carried to the lU'cr by way 
ijf tlte fHWtal vciru 

In the ileum panjcutariy« the forest of 
microscopic villi b frequently interrupted 
by irrrgular harr patches from half an 
inch to three or four inches in extent^ 
w'hlch show like worn places in the nap of 
a Brua^cb carpets Tlicsc “intestinal ton- 
sibp^* or Pey^*5 (Fig. 2fil)^ are 

lymphoid in character It is iinportani tir 
rmirmbcr that in typhoid fever the chief 
lesions occur in these areas. Smaller 
l)mph nodes arc also iutcrsperEcd among 
the villi. 


of 


fig, 260- Diagram of a rilhts jmd a 
gLmd, iw ciyp4 ui llelMiituliii. 


fig- 261. Surfucc rirw ol a portlm 
iif tJtc mTirmu membnuie of the 
Ibum, xhAiviug a Peyi*T'i patchy 
iind st^litary lymph Bndia. (After 
PiersoL) 


2. Ctauds 

Two conspicuous glands differing greatly in appearance, intimate strur- 
lure, and fiinetiorit but which arc alike in being cndndcrmal drrfvativrs rrf 









the rneiodacum, an connected wiih die duodenum just pystmor to die 
pylorus, lliese are the liirr and (he pamreas. They are so large that, 
aithtjugii they arise from the Ihiinp of the smidJ intestine, they push ibroiish 
to extend entiTidy outside Uie digestive tulic itself and come to occupy space 
viithin the body cavity. 

(a) Liver.—Tin liver is an older organ, both onio^nrtieally and phyliv 
gencticaUy, than the pancreas. It should not be confused tvith the s^aUed 
"liver” of starfishHTS, crabs, mollusb, or ether invcrtcbrattai, since it is in no 
way cither humologons with or analogous co these structures. 

Contrary to the popular impression, die vertebrate Uver is nut primarily 
an organ of enzymatic digestion, aJthofUgh the hiU which it provides aids 
materially in the digestive processes by the stimulative action of the bit^ fnlls 
uprt the cTirymes of the paiicreatii: juice, by the emubnfying action of these 
Baits, and by furnishing a favorable alkaline medium without which the 
digestive cnzymc-i produced by the pancreas fail to act. In die bile itself no 
enzsTOft; are present. 

llie liver, which has been eharactcrizied as the “husiest port on the whole 
river of life,” is so vnluminotKi that in man it may easily contain one fifth 
of all the blood, while several Umw an hour die entire blood supply of the 
body passes through its myriad capillaries, undergoing there profound mod)' 
fications by way of additiotui and subtractimts of eonstituem substances in 
the bltmd. Thus it acts like a strainer of the blood, staring siigar^fucl [glyco* 
genj and then restoring it to tlie druolation what the muscles need it; 
balancing the circulating food ration generally by withrlrawhig and restoring 
cerrain constituents; eliminating bacteria; turning polson-i intt> harmless 
wastes; abstracting nititigtnous by-produccs from [iivitein c,ompounds to Iw 
(Uspoacd of dirough the kidneys; and b>‘ drenching the intestine with the 
inilispcQSable alkaline bile. No wonder Dr. Woods HitU^hinson said af the 
liver; “It is ah togt'ther the most useful and desirable ckiien. and witJiall 
a cheerful and even coni'idal one, mixing our drinks, putting the stick into 
our vitamin cocktails, and the sugar and cream into life s coffee. 

Tlic bile is a hitter alkaline fluid, about ninety [ler cent water, tin^d 
with pigments from the WTcckagt of red blood cmpicsdcs and (Wtiiaining 
salts, boili organic and inorganic, besides waste material of difftTcm kinds. 
h is formed cimlinuously in the liver and is ptmred at food^taking intctv-als 
into the duodenum where U tninglo with the food-maat uptiii the escape of 
the latter through the pylorus into the intestine. The bile, whicdi may 
amount to a pint or a pint and a half daily, contributes materially lo the 
excreta that pass out of the alimeritan canal M'htn an exc^ of hfle tt 
duced It may tempo rarily be stored between periods of tligcsiive activi^, 
by backing up into the bfadiUr. a ntservnir-Uke enlargement of the bile 
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duel {Fig. 266). That part of the hilc duct that di^is the liver ia culled 
the hepatic duct as distinguished frum tlic eysik duct that cemes frcim the 
gall bladder (Fig, 262). Whenever these two ducts join to empty into the 
intestine the common bile duct thn.^ formed is called the ductus ehoUdocJtus, 
a name that has die same root as ■‘melanrholy" and “choleric," words 
descriptive of conditiaiin for which the misunderetood liver has been held 
responsible by t he popular mind in the past. 


Call 


Fig. 262. DiagTJini oi the Kver ducts in the Lmuun atink After 
Brecucr.) ' 


The choledochal duct and tlie duet of the pancreas open together into 
the diiodcniim of the hurec, dog, cat, ape, and man, but wparately in the 
pig, ox, rahhit, and guinea pig. 

The gall Idadder^ which seeitui to Ijc an enicrgeiio' device for ammab 
that digest a fonsitlrrablc amount of fatty fmd, is absent in many plant- 
catere. Its total absence, a$ well as the ah normal prestnee of two gall blad¬ 
ders, has been m>ted in man. Jis nf^rmal capacity in man is sdtout an onnee 
and a half, 

“CJall stones,^" which arc found in the gaU bladder in about 6 to 12 per 
cent of autopsies, are concretmm composed chictly of choleutcrol but usuaHy 
iticluding bile pigments and calcium sails. Call atones cemtahiing limy 
deposits may be detected by the X-ray. ff large they are comparatively 
hamdea. but while amall they may hlork the ducts, thus eauamg Utc hUe to 
tw rrsnrtwd and passed bm:l: by way of tlie hmiphatics into the blood stream, 
3 condition that resulis in pundicr, Tlic cyxtic duct especially lends itself to 
such ol^metion, since it is modified within by mucous folds farming the 
fififterinn nattfe, which makes blocking the passage-way easier than would 
l»e possible if the lumen were entirely open. 

Ihe liver is on adaptive sp,ice-fiiler, weighing about one fortieth of the 
lotsd Imdy weight, and cnnshtitig usually of two or more bbes. its shape and 
size arc conditioned by the aliundiuii blood vessels, nerves and tiita- 
ments, or connective tissue attachments; Kcond, by tlic neighboring organs 
which crowd it; and third, by the confining wall# of ihc bodv cavity. With 
every breath that expands the neighbming lungs, and hccause'cjf the uneasy 
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peristalsis of the stomach and mtesiinc presring upon it, the flexible lobes of 
the liver arc constantly pipping slighiiy o\ tr emit other, ehanging metLO- 
svhilc iwjimrwhal in ^hape in acfomniotLitioii and ad|ii^iiiiciiL lu the varying 
conditjoii^ of available space. 

Ill mammah the two larger lobes arc M.paratc<l by the untbilknt fkituu, 
as determined by the r&tmd iigament repre^etiiiiig the attophkd remains of 
the umbilicaJ vein. A large portal jfjtfure marks the gateway for the blood 
vcssick, diicts^ and that pass to and Jrom the liver in adult lifcH 

In hisiologital atmct-Litt: the mammalian li\xrr is made up of corrb of 
glandiibir cells ui close contact with eapilLarics i Rg. 2ii3) and with an ebh- 
orate aytrtem of dm mage duets and aji adequate nerve supply- Thr whole 
mass of celtulaf rondb and capillaries h embedded and encapsuied in a sup- 
fHirting network of connective tl^ue. 
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2G4. Four adjatmt Vmr 
etdk nhowiag bSIr E^^ipiSlurlrv 
or caiialicuLi. I After Jurdan 
and Fcf^iuan, and MedtcL] 


Alcmg the approximated sides of neighboring polyhedral gkmd cells 
that form the cords, arc tiny iiuernellular spaces or grooves ( Fig. 264), like 
the spaces between the fin gers and knur kies when two fists arr piared 
together. Ihese bite 4-anatiadf\ formed as indentittg intcrcdhilar grooves 
permeating the entire liver citipiy into drainage ducts which com¬ 

pound with others in an ever rnlarging array until they fiiialJy eniergc 
the single large outlirt of the hepatic duct The gystem of capilkrtes chat 
enmeshes die gland ceils is independent of the mesh work of canaliculi and 
drainage ducts. 

The blood supply of the liver is unlike that of most other organs in that 
there are two fidurr.c!!* from which it is derived-, n.imcly\ the hepatie after/ 
which hriiigx blood fnitn the heart in the saint iiMy m all organs of Ihe body 
ate supplied, and the pari at rtfia, that eomes freshly laden with disoh^ed 
foewi from the intestine^ The capillaries derived from both of these sources 
hopelessly lose their identity a.^ they gradually anastomose within the Hvtr 
to form the kepaiic whirh drain the blood of the Jivx'r mto the heart 
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Embryonkally the liver is a hdlo^v ventral outgrowth near ihc begun ling 
of the intestine just anterior to the utOirhitieni ol the eiuhryonic yolk sac 
(Fig- 265), It lies at firsi between two layen^ of vciitrd mesentery in the 
trtui^ir&tse sepi^im, but eventually it beetutics so large thai it projects Sfimt 

distunce into the body cavity^ push¬ 
ing a covering of serosa^ or visceral 
peritoneuin^ with it. The cnchjdcr- 
mal EjutgTowth from the gm itself 
bccouirs the secretor)' glaiiduhir 
part of the Hver^ smd this soon be¬ 
comes enmeshed with The vascular 
mcscncliytTic from the transvei^se 
septum aiid ncigiihormg blood ves- 
sehj mcluditig the vitelline veins 
leading into the body fiaiii the yolk 
sae^ to form the liver tissue- As the 
mass ol this tissue grows into the 
tran&irr5e scptimi aJid die ventral 
mesentery'^ the material w hich is at 
the prirnary point of origin develops 
into the duct's and gall bladder^ 

In amphioxu<t the liver remains 
a simple, smgle $^c projeciing 
foruard (Fig, 13), that is bewt with capdUris which hring food ftnm 
the intestine, much as in ihc early embryonic phase of higher forms. It 
i» lined with ciliated glandular epithelium and probahly secretes a digestive 
tiuld- 

Typically ihc liver of mat vcmrbrata has two Jobes, although lampreys 
and snakes, perhaps on account of their elongated body form. Imvc only 
one lobe. The liver is relauvidy larger in camivorcs than in herbivores, lo 
.\nainma, or fidicji and amphibiam, it is larger than in Amnlota, or rep- 
tiles, bird-s, and mammahi. This fact no doubt is connecled with the presenne 
of more fat in the diet of the fonnrr in cadi case. In certain caniivaies, doss 
and wcisck for example, iJicrc arc as many as seven lobes present. 

In man four lobes arc described ( fig. 266!, Tiie tight lobe is the largest, 
eonstitdiing almut four-firtlis of the entire mass, while the wedKc-shapcd 
left lobf k nc-xt in size, lliesc lol>rs arc separated from one an o ther bv the 
faliiferm ligament. On the posterior aspect between these two maprr IuIjcs, 
an oblong qtiaJnde lobe Hes near the gall bladdrr, while the smafl caudate 
lobe spreads brtwccti the /wjtcurW and boTtal fissures. 


Tii;. 265, Rcci»i^tnii:uciii of the jilimratnry 
timal nf Q 4 . 4 ! fnin himijun cmiirj'o, ' After 
lUi.J 
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flgp 266 . Posterior aurface of the harnen liver. (After Gra/.) 


{b) Panertas,—'ITit second largicst vcncbirate gUnd, the pancrmi, is a 
compound alv-enlar gland of irregular shape lying in the fold between the 
stomach ami the duodenum, and pTOjecting inio the body cavity from the 
point of its embryonic comictdou with the digestive tubc^ alLhough in the 
lamprey^ Feiromyzon^ and in certain tdeosts, it may remain embedded iti 
the wall pf the Intir^iinei. 
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267, Origin of pirn^ttai and Uva, (Afier Sdihnkrwitwb,) 


Tt arisQ sis one or more endodermid outgrovnhs from the embryonic grit 
just posterior to the iiver. These outgrowths are ordjiumly thiee in nuinlier, 
of which one is dorsal and two are wntral in position (Fig. 267). The two 
ventral parts fuse together into a common glsuid, while ihc ducts formed 
at each point of outgmwih may either persist, or as is more often the case 
disappear with the oiccprion of one (Fir. 26(1), The ducts of the ventral 
fcimponrtlLs air cdletl Tt^jrjung^i duefj, while that of the dorsal pancreas is 
named the Jurt af Saniorint. In some fortna they unite either with each other 
to maic a common duel, or with the bile duct. Ln lampreys all of the din ts 
arr Ireil, the secretion of the pancreas consequently becoming entirely mdo- 









5-*^ (If tha yertchratisa 

cnnc, that Is, (j^tHbuied hy the bliHul rather than poured direcily tu ihe 
outside or Into some passage-viay leading to the ouLsidc, 



Hr, 2eS. DmrlnpiDcut of ibc human pancrciU, ttimrinj^ (jogin from 
dorwt imil <.x;ntrit| nidudcrmul cHJtpockniu^, a, in ii iiuq cmbryn; ». 

in 16 mm embryy; c, m diUd ai birth. I Alter Arc;^.) 


A mrimis thi^ pj^nErtatit: apparatus wliirh not inf re- 

qiirnttv appears, particularly in the cat. is a Jiahniottic bladdtr, or (t*rr\TnT- 
like ciilarttcnient of ihr pauercatir duct for the temporary storage of otecs- 
sivv secretinu. an einergenry organ quite minpanible with the gajj bladder 
tliat wrvi's simibrjy as a storage rcseitoir for the bile of the Uver (Fig. 2fi9). 



Fig. 2651. Paneiraiie hi adder fruia a fcnmle cat. fAlirr Duydett.) 

Ill grnrT:iI k may be said that the panereas is a gland of dual character 
since, ill adititioit to its. prnditrlion of panrrealic "juice” which Is poured 
into the iiuestmc tliroiijrh ducts, theie arc pri:srnt in tlie pauercatit tissue 
certain dlstJoci luterlobnlaf cell uggregatts, also ctidodermal in origttt, cjillrd 
thr tif i-ungiThani (Fig. 270These secrete subeitances ihonnoties) 

of ii character quite dilFcrem from die pancreatic juice itself, which are 
carried to all parts of tile body thrmigh the ctieMlatiiig htimd. Tlir inlands 
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Liugtrliims x^ry from pinglt* interstitial celk to miifisrsi of finndred. 

They are more abiintiant late m life thnn in yonth^ appeariiv^ in man when 
the Jium:in embryo h unly aboui .14 tnin. in lencjth. li is cstirnatcd that in 
the paniTCiis of tlie gihnra pig diejc may be pri::scnt os many 115 25,1 MM J 
islands of Laiigerhans. 

Which til these twp kinds of scerrting glandular cells, the endodermat 
outgrowths from ihc cmhrymiic gui or the tsiands of Langrrhiins, represents 
the cmginal panercade lis^ur. yjid whether one has or haft not been derived 
fmin the other* Js still a matter of contrcjvcrsy- ft may be pointed out, how¬ 
ever* that the isknds of Langcr- 
iians are invariably present in 
all true vTitcbraies, and arc 
iindoubiedly early settlers if not 
the first iiihabitanLi, whereas 
riizymatie srrrcting cells aie 
wanting in certain vertebra tea. 

T'licre is no piincreas In am- 
phkixiu^. 111 sturgeons the pan* 
rrcaii is made up of two docFal 
anil Lw'o sctitrai luntponeiils 
witlt PTiU thr right ventral itut - 
Hu f i *1 rj7i Ti w-.i re roa ■ n TTtg» 

Tlu- pjJiLrelis of l>tiiLy fisliea and lower vertcbraies generally is primitive In 
t liaiarter* firing uitlely ililliL^ril and irtegular in form. Among niaiiuiials 
there is abo a Mieat variety in rhe Inttn, positinn and ^ii5r of ihb imporlaiii 
gland. A siitgle surviving enilirvijnic paniTcali< duct b fimnd in man, VVir- 
sungV duet, connecting wUh one of die ventral ciiiinyonic <rjmpi>ncntii. 

The artiviitinji sfubatLince* or kormarn^, thai b di^rrirrd fmni the tbhinds 
of [.angcrliarts into die blmd has lo do with the iiuli/:ittf]t> of sugar in the 
li-s%Ltrs. Ib failure to be pirnluced tn suhiiieiit quantity result** in diabetes* or 
the coiidjilon in w'htch smr^ir b eliminalcd Tinui?ed Llmnigh ihe kkliieys. 

lltc sul^staiues secreted bv the poncreas proper and elimmated ihmiiirh 
the riiietH itlto die iiilestinc anr cwzi'ineji. which am esfiential in spoeduig up 
die cfiemical ^cnon begun in the intestine. 

Tin: priiieipal emtyntes in die pancreatic Juice that aid in the dig^iivi' 
prrpce?^are three, namely, which like the plyalin of the saliva acts 

ill iTiaking carliohydraics sohiblc; the inactive precutiKu of iTjffUu, whk h 
morlific?? prolcia-i; and which breab down f:irs into simpler fatty 

acids and glycerine. Tlirac thrci- Important ibgesaive en/vmes, Uierefore, are 
prepaietl not onlv to transfomi chemically the three futidannuital k'nds of 
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funds, carbohydraics, proteins, and fats, but aLvs to render them til for 
trajisfertnct- thraugb the Wood to aJJ parts of the body. 

In man about a pint and a half of digestive pcincreatie juicc is poured 
doily into the intriitiTic. 

[r 1 Intcstiuid Glands,—In addition to the iiver aitd pancreas, the secre¬ 
tions itf vvhit'h are mixed svitfi food materials in the duodenum, ttiei¥ ore 
numerous suiafkr glands, occupying the walls of the intestinal tract, dial 
likewise maic chemical conttihulions essential to digestion. An imestinaf 
|iiice that has been given the blanket name of succtis eBl^rrcaj combines the 
products of these sttuill, mtestinal glands. Among mammals there arc at 
least two kinds ol intestinal glands that contribute to tins juice, namely, 
ttrvnner't giands in the anterior end of the duodenum, and the glands of 
UfhtiTkiiha, which arc vastly mnre numerous, being i-mbcdded ihraughout 
the entire length of tJir small btestine in its walk The mnUitudinous glands 
of I.iebeikuhn arc in the form of sunken pits, or crypts„ which are inler- 
spcTscd among ibc villi like deep gorges among .tleep mountains {Fig, 260J. 

Upon chemical sthnnlation by the fhymr, which is the acidubted food 
mass dial pw? through the pyloms from the stomach Into the dund^-n.im , 
the epithelium of the small uitrstinc produces a hormone called pancreatic 
sicretin, which is iamed by the blcxid to the pantreas where it excites that 
gland into activity. Tlik reaction occurs only when chvtne enters the intes¬ 
tine; otherwise, if continuously produced, the pancreatic juice much of the 
lime would be w'aated, not having any food upon which to act, 

Fhe $itcciis cnlcrtcus abo includes several enzymes. Eaterokinasc con¬ 
verts the inactive trypsinogen of the pancreatic jukt into the active trypiin. 
Ereprin completes the w ork of pmtein digestion begun by pepsin and tryp¬ 
sin. Other enzymes aid m carbohydniic digestion, T'hus dir. intestinal con¬ 
tents include a variety of enzymea, derived from both pancreatic jnire and 
wicrus entericu.«, which play a part in the complicated Lhemical pmparatioTi 
of the chyme for its transfer to the blood. 

Most fot>d material owing to its colloitlal nature is inert and instibihle 
whrn taken into the digestive tract and cannot be directly transferred by 
osmosis 1(1 the circnlaliiig blood, tven water and inorganic soluhtc salts, that 
undergo no metabolic alteration in passtng through the body, temporarily 
join hands with otlier xnliatani cs in Viirkius combinaiionB, 

The army of which are "substances of indefinite composition 

whose existence it known to ils only by their acthiti on otlier .vtbstanecs,** 
play an indtspeiiaable mle in making foods diffurible and available for use. 
Energy-producing carlmbydratcs, for example, if not taken in primariK in 
the form of soluble monusaecharids, must be made sohlhlc by enzymatic 
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action, Such enzymes as ptyaBti in saliva and amylopsin in the pancreatic 
juice change insoluble i^Larches into soluble sugars. 

The compline proteiiist have two furidamcntal namely j producilon 

of energ)' and rcsloralicin of umies. As with carbohydrateSj pmlcLns must 
Erst be reduced to soluble form by the action of enzymes before they can 
be oxidized to produce energy, while to restore ivoni-CTji tismes the diverse 
complex molecules that make up proteins must be broken down and reas- 
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ficmbled into the specific kind of molecules that arc the building hitjcks 
^hich go to fonn the diiTerrnt bod> tissues. This ptucess, like Vitccking an 
old house to build a new one, calls lor a succesi^ion of breakiog'^down opera- 
tiom. each dcpcndciu on a difTerejU enzsTne. 

In the dispositbn of iiuolubk fate two things happen: thes are einulsj- 
fted and then brolurn up into soluble fractions. Fats are said to he cTnukified 
when mechanically broken up into pprtidcs uf oil so siiLill that carJi lungs 
suspended in a watery tnediuni. Fate arc chcmkally broken down into solu¬ 
ble fatty acids and giyceruie, by such en^Eymes as steapsin in the pancreatic 
juice. These products arc picked up by the cpithdial cells of the intesnoal 
fining in which they ate recaDv-cTted into fats, which then pass into the 
lympluiiji: corts of the villi iti emulsified condition, to arrive evcntiniUv in 
Ibe blood stream, "nic cmulsilied fat, known as chyle, is milky in appearance 
as it k carried away by Uic lymphatics, which arc therefon: known as lac- 
Ieoh {taet~, milk h Of couise milk iteelf is such an emuhion, too. 

Enzymes and what they do, a subject so appalling to tlie layman, fur- 
nnJies the happy hunting ground for the physiobgkj. A list of the principal 
enzymes ctincemed with digestion, prepared by Bunon-Opitz, is ahoi™ 
111 Tabic V. 

VX EGRF-SSIVE ZONE 

The large intfitine eorwthuto the egrc»ive portion of the digestive tract 
thmiigh which the residue of the food mass k forwarded for expulsion after 
the usable part has been diixrted tfirr>ugh the walls of the small intestine- 
into the circulating blood. Its diminkhed importance in the essential work 
of the digestive tract may acrount m part for the relative absence of struc- 
tiiraJ modifications designed to increase itit inner surface. 

Except in the embryo it is without the villi which chameterl-ze the small 
inirstiiie. and alihmigh Liebcrkiihn glands arc present in Icssming abimd- 
anre along its lining, whatever glandular secretions arc pnseni arc not so 
much concerned with chemical digesditm as with mixhiinural lubrication of 
the feces from which the water rontent has been largdy withdrawn. 

The large intestine In man, which is ahout five feet in Irngih, b differ¬ 
entiated into tlie with aicrndin^, IraitiFme {frmn right to left , and 

rlfscmtling portions, and finally the rectum, ending at the anal opening 
(Fig. 253The colic caer'um and the prorcssua vrimifonnte, alrradv m«r- 
tlonrd. properly belting to the large intestine, although they occur at the 
jiuiction between the nnall and the Luge intcatiuc. The same parts chaiac- 
tcmc the large intrsrine nf many mamniak but arc not hi distinniie in 
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nthcr ^-iniebralcs, since- only the xttXum of mOTinmls ia homobgotis with tht- 
larj?c iniesiine of low'er vertebrates. In the lower &hcs as wtII as in the pipe- 
Syngnitthus, the sticldrbai'ltT Clmt€fa^tftts, aiid ptherSt the ^'large inte^- 
dite^* is actually snlallcf thim the zdiiall iiitestine. 

In man the calon* which b looped around the small intestine (Pig* 253J * 
b chanii terked by three l>aiick of lungitudituU musejes, the J^niutr coU, that 
pull thk part of ihc intestine mgeihcr au as tn lorni three rows of pauches, 
or haustTiiy a Jong its entire length, a modification present in varying degree 
in the brge intestine of other irtamftials. AtiacheJ Lu the exiemaJ w'alJ of 
the haustra there are abo tin men 1115 small processes td connectiw tissue, 
often dbtcnilcd with fai^ called the ghndutae epiploicai^ fFig, 25B)^ but 
ni:ithrr the luiiistra nor the glandiiTae cpiplujcac extend to the necttuiL 

In birds the rectal irgioD uf the large intestine is notably irdiuati. Since 
it b a disadvantage for these aerial creatures to carry about ao ujiiaecessary 
weight of useless lecal matertal, the prosiskia far its temporary^ retmLioi! m 
a large intestine b curtailed^ tJic excreta being dispofcd of a\ lupidly as 
assembled. 

In many vcrichrates, induding moirntremcs amoug momniaK the uii- 
nary and genital ducts enter the pcatcrior part of the Lirge mlcsiinei whjdi 
thus receives not only ifie feces froin the digestive tube but also the products 
Ilf the excretory and reproductive organs. This region, Uic common exit for 
all thiec systerm* b known as the In most mammals the rloatia splits 

lon^mdinally during embrj'onic devTlopment, thereby separating the more 
vditraJ urinary mid genital pathways from the more do™l rectal portloti 
concerned solely with the feces. 

The rcclitm ends with the aniiSf which is kqst ctiafied by a sphincter 
muscle lindcr the ccrntml of Lhc w^Ph unlike otlirr cirr.uiar miL^lfS of tlte 
digestiw tract that accompibh segmentation and perbtabb under involun¬ 
tary contfoL ^rhe timer walls of the rcrluni in man arc modified hy two or 
tlitee transvense crescentic ^helflikc folds^ the aniti which are doubt- 

Id^ adaptations to eirrt postinr. since they arc abseiit in quadrupeds where 
the fccei^ do not wdgh against the anal Aphmctcr. 

AfetchnikoL OA well as othen^^ has poiotrd out that ibe large rntcstlne in 
tnoUj partitidarly in the rectal rcjdon, b a danger rone, a v^tahle 'Vwage 
awamp,'^ lx;causc bacteria of varioipv kinds flourish upon the imdigcsted 
rmdiic of the food retained ihttt, contaminating the hodv eiinstantlv with 
the ferment IVT and toxic by-pnodiicts of ihdr mclabnlbuL In one tabiibiion 
of 1143 cases of cancer of the alimentary iract, eighty-nine per rent were 
Uxated in the siiaceptihle region of the rectum. 

Thrrr arr fKitne nbvia^tx advantages to mankind m fnissessing a volumi- 


52 ^ 3(o/og> of the Vertebrates 

nous mtestinc and teautn where exeneb maj’ be held temponirily^ ao 
dial their evaeuatJoit may be timed and co-Dtroikd mnrr readily than ti> the 
ease oF ilyinj^ birds, aJihoirgh the disadvaiiLitgcs are far from ne^ii^ible, (t 
is somewhat diflicult ta see hf»w so imfortunalc <in evolutionary acquisitian 
could have been foalrred hy natural aclectlEiri, but the fact that it reaches its 
yrratest elaboration in herbivorous animals, wlieri it is stili useful m caring 
lor plant foods rkb iu telUilosc, may giv? some hint of why such a danger 
^one came to Ixr acquired and prcBcrved m man. 

VU. THE ESSEiNTlALS OF DIGESTION 

summary of the principal chemical adventures of food during its pas¬ 
sage through the digestive lube is sll^)^vn in Figure 271. The blood stream 
receives ilie food from the .small intestine after it has been reduced to absorb- 
able liquid form. Tbis rcdntlirm, although partly mecbanical, most of all 
inxxtlvcs a chemical breakdown into less cotnplea suhstances, a pmcess actu¬ 
ated by enzymes. 

The irregular lines in the diagram indicaie che particular glands from 
which each enzyme arises, and, at the wavy interval on the line, the genrmt 
locality iu the digejaive tract where it is cfTeclivc, and also the kind of fcxid 
involved in eacJi instaTire. 

In conclusion it may bc observed that when a hungry person sits down In 
a dinner table artd surveys the vTamis spread licfon: iiirn. be mrely taken 
thought of all Uie ncfcssary preliminary work ihai has made the occasion 
possible. Producers, handlers of raw materials, and an army of middlemen, 
as well as the laanipulalions of a cook, must at least Ijc taken into account, 
yet in spite «f all the detailed pmeesBo of preparation that have been 
involved, they are not a circijiiistaiice to what happens to the dinner in the 
twenty-fnx feel or so tliat it travels after it has been swallowed. 

\TII. MESEN-n-lRTE-S 

In tlic chapter on Embryology we have *ccn how the dorsal and VTmtf.ai 
mesenteries arc formed by the meeting of the hypomere* dorsal and XYntral 
to the digestive inter. These mesenteries consist therefore of two Liyera of 
mesudcmi continuous with the paritUd pftiltinrum, lining the body caSTly, 
anrl the iftscertd perittttifum * terefa), covering iJie digestive tract. Thus they 
smr both as attachnwnui of the digestive tract to the body wall and as 
bridges for tlic ps^aage of blood vtaseb and nerves, whit h nm between the 
two othenvisc closely applied layers. I>imng embryonic dcvTlopmcnl the 
mcKntenes undergo many changes including the dropping out of most of 
the VTntral mesenterv" and niudiitcatiorvi due to the great elongation of tlie 
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interline as wdl as ihe invasion nf the mRcntcries by such structures as 
liver, pancreas, and spleen. 

With the difTcrcuiifltjon of the abdurninjil digesth'r tract into stomach, 
stnaU imestine, colon, and rectum, the comspimding parts of the doxsal 
mesentery bccoinc known as mesogaster, masentary proper, mejocp/on, ajid 
m^wrectum. nspecUvcIy. W hen the liver gmwa into the anterior remnant 
of the ventral mcseiiiery, the part of the latter between liver and ventral 
body wal] is called the fatoform tigameni {vctttriil ligament of the fiter j, 
while ihc part between the Uwt and the di'gctrtive ti^ct is the teaer omenium 
in whidi run the bile duct, hepatic portal vein, and oilier sniaUtr blood 
vcfflcla. Where the liver has pushed tlie two maentrric layers apart to lie 
bciween them they become the lerota. peritoneal covering, of this organ. A 
posterior rrmnanl rd the ventral mesentery also persists as the ventral liga¬ 
ment of the bladder, extending from that organ to the ventral body wall. 
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In mammal* the mcsog,T3tcr, which it will he tvmemhered is composed 
of two layers of peritoneni tissue, becomes greatly elongated until it e^xt^ds 
from the ^math pwtenoriy, in between ventral body wall and the coils of 
the micstinc. to serve a* a sort of ventral prou-ctive blanket for the viscera 
(F,g. a72). Thl, foldtd portiw, ot llic nio<,gM„, ^.c enalir 

IS » b»B the tviJl, „r wfiicl, nvt. layen Ihfck. W>,« these wslh 
her trine closely applied to one another in the poBterior part of the sac, this 
omentum is an apron four lay«3 thick, Ttie omentum I, also a storage organ 
for extensive fat deposits, bid down lietween what were origbaUv the Iwr, 
nvcstftilmr laytrri- 
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Intenial TranspoHation- 
CircuJutoi'y Systaii 


1 , IN GENERAL 

llic rimilaicr)- system b tJje nTcdumbm dial aLitmb ta irauspcirtaticiii 
within the orpinbAi of variciiis ^luhstiirurcs hxr it> 

Not oiiJy arc fexjd, water, and air taken into rlnt <1113 ma I body, but tSiesc 
hitlbpriisahlt substances must i>c diiitri!>uteiJ iu every living rdl wherevTT 
tucated^ odicrwise life woulil Each UviJi^^ cell b a blwnitory in whitJi 

the chemical prtieessies necessary for its cxbteiicc arc performetJ. Moreeivcr. 
wasir pTCKlijeti^ inevitable in the melabnlii: pimt^vs cnmriuiii to al! hving 
ihinEis must be roUerted from every nook and cranny of the body for chni' 
inatloii, and transported either directly to the outside or Indirectly by pas- 
^ase$ balding to the outsklt. 

In micfcficfjpic iniicellidar anintab initftiaJ tramportathin b acconi- 
plisbed by the niovcnif.rit of die cytoptaAm within the Cell itseJf* It b ensy to 
^re knw* juttpdl parttiiks oI food uLiteriab, once InirtKlm ed In to a protozoan 
lilt Amaehii for example^ whose cell contenis flow around like cold fn(d.i-NJscs+ 
may shift tbcir position \vithin ihe cell body, Thb uitracc'Shilar cytoplasmic 
movement^ which b the dmptest kind of a drculatiiiy system, b mtiiely 
adcrjiiatr for btKlles of microscopic mass. It pe^brs, moreover, ;i» the htial 
essential phase of circtilatiafi e\xn in «ri^aTibiii$ np of caonUcss cellular 
tmits, xlnee intake materbb musi not only reach each mdlvidttal cdl, but 
tnu^i also become incorpjratcd and circulated therein ^is well. 

In mutiicdlular forms most of the component cells do not liavc direct 
sttrface exposure to the rnviTtmmm!, The only w^ay, therefore, that IwhI, 
water, and air can mlur the deeper cclk cJ such organisms and penctralc tn 
ihrir ultimate parts, la either througli or bcweeii the cells that form ihe 
hndy. ITie passing of matcricib through by osmojsb from one cell to another 
h a slow and Indirrct nietbod; abo the ultimate celt in the series icedves 
only what b left after all the intervening ones have taken their tolL Conse¬ 
quently it b a prat unpinvemeivt when pamigr-w^yst art opened up 
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hftween titc cells so tli^ niiittritils may be farh'iundcd freetyt Ihiis arriving 
af the ultimate cdk directly and easily without repeated osmollc tnanipula- 
lifjn The same sort of an advance iti efficiency b seen when fire-fighters sub¬ 
stitute a hose fine for a raalte&hifl hand-to-hand “bucket brigade/* *njc 
circulatory system proper may be briefly described as consisting of a network 
of pipelines liiroughoul the bodyj together with a fluid vehicle in the form 
of blood and lytnph for transporting the various materials necessary for the 
life of the organism^ and lastly, a mechanism for propelling these fluitk 
through titc channels of distributiem. 

II. BLOOD AND lATHPH—THF, C.VRRIEKS 
1. Uses of the Blood 

Mcphisiopheles, In Goethe’s Faustt is biologically quite right when he 
estclaims! Ulut ist nin gunz besondertr {Blood is a verv peculiar 

Ruid!) 

In the first place It is not a lilcdess Buid incapable of metabolic changeS;, 
but a ftuulating tiaue, made up of detached living cells floating in a liqm’d 
plasma The fact that it moves about marts it off distinctly from all other 
tissues. It is conspicuously kaleldnsropic in chaiactcr, changing constanlly 
in its intimate compcisilifin as it passes through the different parts of the 
body, for ii \s not rmly the common carrier io the various tissues of every¬ 
thing needful for their maintenance, hut also die collector from the tissues 
of the products of metahcjlism. such as carbon dioside and soluble nitrogen 

€ORI{X)UIld^. 

In the last c^Ils of 'evi::r\' kind wjthiii Lh-e anxmal body uoonicr or 

later cojiirtbute something to die bbiod and receive something in return, so 
that the blotxl reflects the entln: mctabolLsm of the body, in sphe of this fact 
its I omponent parts are u ormally kept at nearly a constant level. When seri¬ 
ous deviations occur, as in the exclusive loss of water fnim the Wood during 
ebuiera, or the dimlniUinn of the number of blood cells in anaemia or 
heniiurhage, pathologica} consequence* arc sure to follow. 

In general the following Junctiniu may be performed by the blood. 

{uj Kquilibrainm of Water Clonicnt.—Water is the fluid universal that 
faiflitiUes the intemaJ iransporl of malcrials. making good luarj by evapo¬ 
ration and otherwise, as well as prevcnling tlir drying up of tissues. It i* abo 
the great solvent of all sorts of suh^nccs in the food and throughout the 
tissues. TJie degree nf activity exhibited hy any tissue is directly depcnileni 
upon the fluidity of the cytoplasm within its celUdar units, which in turn ia 
ullimatcly a matter of the iimount of water sripplied hy the blood. 
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(fr) Ubf^tadon oE Enf^r^'.—Tissues ‘‘burn.” in the jrresctice nl oxygen, 
thus rtleasijig energy, which ts what constitutes “living.** Certain softer ris 
sues, lilse the Tnusd« frji example, lend thenisflvcs particiilariy to this osd- 
(ialive proctss. while others, such as skeletal tissues, resemble motr the iron 
ginlcis of a "Ftre-proor' building, ami do not bum as readily, The oxygen 
ncccBsary' fnr die releasr of stored energy is dcllwred to die tbsucs of verte* 
brates by the hofmoghbin in the red corpuscles of the blood, 

(tf) Distributuiu ot Fond,—Fmm one point of view blood is a solution 
or an emulsion of fcxiH substances carried (tj the plasma. To some extent 
also it transports food as solid undissolved particles engulfed in the white 
blood cells, ft is thus the grocoy delivery boy for the. cclhilar community, 
iti) Regulation of Tempetaturt.—Body temperature, which results 
from the oxidation of the thsues, is equaibsed by means of the circulation of 
the blood, much as is the temperature of a building by the bot-watcr pipes 
of Its heating plant. Such eiqiial»ation is necessary liecause of the unequal 
production of heat-cnergr by different tissiicii of the body. 

In so-called 'Svarm-hlooded" animals the body temperature is main¬ 
tained at a practically constant level, regardles of the temperature of the 
ertvironnient, thus enhancing the animal's independence. “Cold-blooded” 
animals, on the other hand, owing partly to the low oxygen-carrying capac¬ 
ity of their blood, have a body temperature whtcll fluctuates in natponse to 
that of the surroundings. A cold-bloodcd animal is consequently a thermal 
slave to the environment in which it folds itself- 

It has been demoiistmted, however, that even colddilooded fishes when 
ill may show fever-lUu: fluctuations in temperature. 

(e) TransrnissHm of Chemical Substances.-//rtrsMtuier. the chtmica! 
messengers from endotrinaJ glands, frequently perform metabolic feats at 
some distance from their point of origin, after traveling along the bliKul 
highways. Drugs and poisons introduced into the organism likewise gain 
ready dispowt over the body by* means of the drrulating falixid. This b why 
a persoti with malaria, for example, feels “sick alt over,” iniire the Wood 
rairying the organisms prrxludng malarial poison literally goes over the 
whole body. 

(/) Defruae against Parasidc Invasion.—Troublesome foreign invaders, 
such as mfcctiv'c bartcria and protozoans, are regularly combatted by white 
blood celts which capture and devour them. The cures of most "catching” 
dbc:if:cs depend upon the successful outcome of this fimction of the blood, 
1 ,^) Disposal of Cell Wredtage.—The Wood b a continual funeral cor- 
tftge! in which are being home away the “a.ihes” of dead cells, foreign 
bodies, Ijarleria] products, and wa?«s of metabolism generally. 
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(A) Gbrnikal EJabwratwin.—Furitiemiart^ blood may be regarded as 
a pcfipatetir Inhoratur)' in whicli <‘htmkal urajisformatianii of wide variety 
arc consranily gainst fonvard, as for example, tlie formation of “anlibodica” 
of van fill? sorts, i ixidatiQii and reduciian of hacnnoglobin, elafiorutioD of 
fibrin, and rhiiago of fats and sugars to and from solidilc states, 

[i) Qinicstr Diagnosis. M uf tbe funclions of tbe blood thus far indi¬ 
cated Lave to do with posaiiai biological benefits to the animal itself. Blood 
may also be uscftil, ontside of the individual who elaliorates it, to the pbyai- 
ciaij in identifying diwasc. No other tissue givra to the diagiKstician so true 
a tlasliligbt picture uf the present ittate of the varying mciaboiism of the 
body as docs the blood. 'ITic case with whicli a sample of blood may l»e 
obtained for examination wilhont injury tn the patient, and the readiness 
with whiib firviatlmui from the mjnnal are revealed Ibcrciii, ha\T resulted 
in an iuLTcasing dependence upon it as a means of clinical diagiicisis. For 
example, in a suspected case of eiliier typhoid fever or appcndicidS) the 
examination of the blood fumithes an immediate difierenciat diagnosis, since 
in ty-piinid fcitTr the niiinlx;r of white blood cells hi below, while m appendi¬ 
citis it is above normal. There is no dnubt that dependence upon blood 
examination in future medical practice will increase as technic b further 
pcrfccteil and new approaches to the study of blood are developed. 

Z .Amount nf Blood 

fn adult man the amount of blood is estimatetl to vary from about one 
tweniicrit to one fifteenth of the total body weight, that is from seven and 
a half to ten pounds for a porsoD weighing one hundred and fifty pounds. 
Tlus ix approximaieiy six quarts. In a new-born child the pereentage of 
Mood to body weight is lea than in the adult, while in lower V'trtrbratrx the 
amount of blomf ts li^x than in maniiiials, Haempel gives the quan¬ 
tity of blood hi fishes as Ics than two per «nt of the total body weight. 

The blood supply is tomporarlly increased in those regions that are 
active, as for example, in the wall of the stomach immediately' after eating, 
f>r ill that of the imaU ttiicstine during digestion, 

M to specific gravity, which is dependent mainly upon the amouttt of 
haemoglobin present, “blood is thicker than water." For inun the figures 
have bcf-n given as 1.035 to l.flfi? ; with distilled water at 1.0001. 

3. Erythnwrytes 

(Tut sanguinary forebcara, as well as our contemporaries, were well 
acquainted with the general appearance of blood, for the page* of hwtory 
are copiously stained with it. Not until IfifJfi, howcwu-, about two ceiitnrieft 


Trtuisportif!ion 333 

after Columbus bad discovered America and hi» adveniuroua bones Kad 
turned to dtist, did the Hoi Wider, Anthony van Leeuwenhoek, find, with 
his primitive lenses, that bltxid is ’‘enmpofied of exceeding small particles." 
These he uflincd glDf/utes w'htch he said “in mcfit animals are of a red color, 
swimniint' in a liquor, called hy physicians the ,'icnim,'' and further, that "by 
nieaaf of tliese globules Liie molioti of the blood becomes visible, which 
othens'ise would not W ihscovcnthk by sight " 

lied corpuscles ara for the most pan pccntliaj to vertebrates, although a 
few in vertebrates, including the worms and Phoronh. the “blood 

dam” And. and ihe holuthurian TftytJtte, also possess red liliiod tells. Ordi¬ 
narily whenever iiivencbratcs show red blood, for example the pond 
unnll Pffflwrbis, ihif earUiwurm iiitmirA'Uf, or the larvae of ibc midfre 
(TftiVpnomitJ, tiw haemoglobin pmdmiiiig the color L*( not located m red cor¬ 
puscles but is dissolved in the phusma. 

Red corpusdes, or frythfe()it€s as they are technically known, arc 
directly concerned with respiration, the exchange of gases involved bemg 
facilitated by means of the respiratory pigment ha^rnoglobint which b. 
present inside of the coipttstles. This pigment, which has a very contplcx 
niuleeule 6&,000 times as heavy as the mulecuk of hydrogen, is a compomid 
of iron and globulin, and possesses the ability to take on and. giw off oxygen 
readily. It ia thus a sort of a shuttle device bciwecn outside oxygen and cells 
In the body that are in need of oxygen. Haemoglobin in the red blood cells, 
is Said to have the power of taking on seventy times as much oxygen as an 
equal volume of bWid plasma, which can carry oxygen only in solution. The 
haemoglobin molerulc thus loaded with oxygen assumes a brighter red color 
and becomes a very unsiabSe substance, called oxyhaemoglobin. The pecul¬ 
iar ability of this molecubr structure to transport the amount of oxygen 
necessary in breathing, may be destroyed by the action of certain "poison 
gases," such as carbon monoxide, for wdiich haemoglobin has 250 limes the 
affinity that it has for oxygen. 5Vficn this gas, escaping from the exhaust nf 
a mnnlng autcimobile engine in a closed garage, is iuhaled, the osygen of 
the oxyhaemoglobin molecule may bt Eupplanled by carbon monoxide ivith 
the result that suixivaJ and recovery from sufTocatItm will follow only if 
the person ia hastily removed to fresh air wli«e the oxygen wifi slowly 
replace the carbon monoxide. Haste is Important to minimiitr the drstriK - 
tion of r-clla, particularly [rreplaceahtc neurons. (Sec U, S. Pub, Health 
hnU, Vol, 195; 1930, No, 211.) 

Erythrocy'tes ol tm^st vertcbniics are ot'al discs that appear to bulge In 
the center on account nf the prcaencc of a nutate us. Among mammals (and 
bmprej-sn erythrocytes air more cirerolar ift outline, with a single cxccptioii 
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in the case of camdi and Uarmi5 which ha\T ov'al erj^thrcicytes resembling 
nnn-mammalian nrd blood cells m form. The nucleus in mammalian red 
bhuod cells disappears by extrusion* leaving the Cell a degenerate sac^ or 
r/romfl ^upiule, having an inlejtial structure imperfectly utidcnstr™! but con- 

lauiin^ a concemrared saluijotie of liarmor 
globin. The original name “corpuscle"" 

! small body ,' fit*? the crylhnK:>tc with 
more accuracy than ‘Ved blood cell,*^ 
since nuclei arc always associated with 
edb. Diagrams of lire method of nuclear 
loss are shewn in Fig. 273. 

In size crytljror^lcs, measured from 
dried smears of blood, mnge Irom 75 
micra (a micron k one one-tho iisan dr.h 
of a milliririclcT j in the caudate Ampki^ 
itm^i lo 2.5 micjn in I he musk dcir Tra^ 
Tilus, Other measurements in micra for the longest diameter of bltjod ccir- 
puscles from dried iuicar? have been reported as follows ^ Proteus^ 58; frog, 
22 ; tunic, 20; carp, 17; pigeon, 14; lamprey, J 3 % chick, 12; conger eel, 11; 
elephant, 9,4; man, 7,5; dog, 7,3; rabbit, 6.9; cat, fi.5; hone, 4.6; goat, 4.L 
Iti man the mcasurcmcni Is rrotn 7J to 8.3, with an average of 7,5. In 
all these cases fresh corpusdes are slightly larger ihaii dried smear specimens. 
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Fh;. 273- Siif^ccii.'CKvc sui_Bt^5 In ihc 
hm i>f a nuiilciis by sin cr^sliruirjlt 
. Alter JtircLui sind rejfiiMtkiLj 


In grnrral the smalltr ihc coqjusclcs the more surface they' expoK for 
axygen traufifer in a given voluntc of blood, just: as there is monr “akin” m 
a biiahd of small crab apples thiin in a bushel of big apple?;. One of the fac¬ 
tors determining the ‘^cold-bloodedness*^ of lower vcrtebrales as contrasted 
with mammab b the larger sbe of their crythmq?teg with cotrespondingly 
smaller total siirfact of exposnm for ostygtn intake. 

The number of ery'throeyics in the blood h of considerable elinical 
imporLance* In man ii is fiormally about 5*500,000 per cubic miUiinrter in 
the male and ^jOOOpOOO for the somewhat less metabolic female* while in 
the highly metabolic infaiti the count b greater tlian iti adults of dlhcr stx. 
The total nufuber of red corpuscles in the average human Viring has tsem 
estimated at 30 triUiotts reprr^enltng a mpirator^' stirfare [500 times as 
large as the surface of die body itself. The number of rrythjocyt» varies 
w ith regard to the timr when taken uruj other rat: tore. According to VkmidL 
I he number of red hlond cclk of hiliemadng anunaU drops to as little as 
one third of *hc normal count during their winter slcep/^ The red blood 
LclU arc ftiorc tmmemus during the day than at night and directly after 
eating nr viotcnl extn kc, a-v weiJ as in high ahitudes when moimtaJn climb- 
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ing or in airpla/ic flights. Faiicnia who are combating' tubercijloeb somc- 
timta resort to iiigh altitmles whcir the lesseacd pressure of rorified air is 
supposed to demand a greater surface eaposure to haemoglobin to accom¬ 
plish the ttormal amount of respiration, thus forcing the body to Eclf-cura- 
dve effort by producing more red blood corpuscles in cumpensation* 

Haemolysis, that is the wearing out or destruction of eiythroc>'t££, is the 
'inerttable outcome of their strenuous travels through the blood channels. 
Physiologists have attempted to estimate the length of life of a s'mglc aver¬ 
age erythrocyte by measuring the density of the pigments hi the bile, since 
these are due principally to the haemoglobin released from the broken- 
down crythrocytia ibut are Ireing eliminated. When capillaries of the skin 
are ruptured so chiil blood oorcs out into the sirrmunditig tissues, the liber¬ 
ated haemoglfibin from the erythiwytes breaks dotrti with a display of 
pigments, a good example of which is a "black ey'c" with all its raiishow- 
'ike variegations. Tlic amount of haemogiohin necessary io produce a known 
degree of color in a measurable quantity of bile eliminated during a known 
mierval cf time, gives a rough idea of the rate at which new blood cells must 
be manufactured in order to majjitain a cotoparalively cunstant level of 
crvdiTDcytcs tiirougboul the entire body. Those who have ventured to specu- 
laie on this problem place the life span of a red blood corpuscle from ten m 
screnty days, which mean.-* that at the outside the cry throry'te population is 
completely renewed aeveral times each year. Since the tot id number h esti¬ 
mated to Ijc trillion cells it means that die eontinuous prwluction of red 
blood cells within the average human body, if reckoned on the mcHl con- 
serc'alive basis, must go forward at the rate of sever/d thousand everj' second. 

The process of the formation of red blood cells, whicii ]s termed kaemo- 
poiesis. is accomprished IjeXore birth in the nicsciicliymatouv tissues and also 
in the liver and spleen. In fishes and amphlbiana the spken forms red celb 
even in the aduil aniinal. In other adult ^'e^tcbral£!i. particularly In mam¬ 
mals, haemopoicilc tissue h mostly confined U> Uie red marrow in the hollow 
bones, in whUh factory the mainr part of the astouisliiiig output of eryth- 
ftjcytes takes place. 

4, Lemcfxrytd 

InitnuiD^icd wHli nrd corpviflclfs in the are wliitc blood 

or leucocytes, best dc 5 t;ribed ns wandering cells that are not always confined 
In. the blood channels, and which are independent of the nervous system. 
Unlike the erythrocytes of mammab, these arc detached cells that nor only 
reuiin their nudet throughout life, but also irresess nlhcr characteristic fea- 
tiiT^ tnic cells. 
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Wiihin the orsMiL-mi leucixytcs show considemblr differeaci^ with 
respeLt to the cfaamctcr of ihdr nuclei, generaJ ajze, shiipc, and function^ 
dilTereaices iJuit make possible their classification into three genera! caw- 
gnrics^ nan Let): ^ IjinphocyteSj granulocytes, and monocytes. It ahould be 
noted that this class!hcatJnn is based on the leucocytes of human hlix>d 
which have been most studied. 

Lymphodyies (Fig. 274) conslitute normally sinnctMiig like 22 to 25 
per cent of all Jcueocytes. They arc roughly spherical, wjtii a angle !argc 

nucleus, and are aboiii the 5izc of ery¬ 
throcytes, Ijring from li to B tnii ni in 
diameter. No grainilcs are present in 
their cytoplasqn. 

Mo}iocytes are giant amoeboid 
rntTnonuclrar IrucotTytcs, tweke or 
mcnT micta in diameter* eonstituting 
nontiaUy from 2 to 10 per cent of aJI 
Jcucocytrs. Thrir nuclei are ridadvely 
smalt while their abundant cy toplasm 
is without 3 gramilc^+ 

Crartri/o^v/e^j which arc somewhat 
Fig. 2/4. nirtod 1, trd blood cor- larger tbnn Ivmphocvies, bcinn fnjin 
poMJlft m rou/i-au rormalhitu 2 , ted 7 t„ in J ‘ * l 

bU«d corfm.m)c»^ tiitfiict '■'iw: 3. (rm- , . ' diauirtfr, arc char- 

phoc}-rr; 4, jx^vniorplmnueleur lru£i>- ^‘^tQTi'ticaUy amoeboid in chanjpn;; 
c>*c' 5, batnphil Icucorjrrr; n. tsigc i>ujn- shapf and arc chemntactii: in bwhavior 

Ilia Fratfd criftlirorirteL Aflrr Jfjrdjin and ^ i , , (vn in *1- poiy 

KcrguHiR .1 rntirphorunlear icucoryTcs” from tJic 

, that their nuclei fjencfariv iissumc 

a variety' of shapes. The Rraniilar c^opUam, which giv-e the nam'r "graiv 
iilDcj-tc to these ceUs fms difTerentbl Gaining pmpenits that, according to 
Lhrlirh, scrix to dafiiify them chemicaliy stili further into nfairophiti, eonn- 
ofiluts, and btisephih, depending upon whetiier ihr granuJe* have an affinity 
for (/tAitor, lovr) neutral, add, or hade dyes, respeclivdy. 'fhe two Uncr 
kinds arc campanitivcly rare, forming only about 3 and O.fi per cent resprt- 
tivdy of rile total number of Icucocyto, while the neutrophils fiiniifh in 
lh» »rishb<.rh.>od ol 7CI p„ tail. As Ihot ptaniu^ vniy within fliiilt 
Wide Limls pailiologTciiily. they make an eAircmely valuable indkaior uf 
abnormal conditions for the dmidan. 

Dana and Cirkon have poinicd out that the niirabcr of new Ituqiuiytcs 
contributed to the blood .itrram daily may be greater than the total average 
mimlier presenr at any one time in ilic blood. In man the number of 
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leticoc>Tes of all kmds varies from 2000 to 13|fX)0 per cubic millimeicr with 
a fiorma! average of around 7000* The EiumericaJ vanalifin is propardan- 
alcly much greater thau that cj crythrocjies* There is a oomiul increase in 
the loial number of leucocytes for iiisiance after vigoroufi exercise or eadn^, 
upon exposure to cr»k4 iw infectioriB, ant! during prcgnaoc)\ When the 
number rises over lOjfKJCL a pathological condition is indicated 

With regard to their ongtn different kinds ni !cucocytc&, like erylhiocytt^i 
may be produced in different pans of the body» fn miimmals certain 
ctnbrj'Tjnk cells in the marrow* huemobtasiy^ that do not circulate within the 
blucid stream* are no doubt the buriciit agcDcies for the manlifaclure of 
granulocyiics as well as qf red blood cells* L^inphocytes and monocyte^ 
arc formed in lymphoid tissue througliout the bi>d>^ in the lymph n^des and 
tympk glandsoi which the spleen is the largest representative. 

The tluec different kinds of leucocytes atcumplmh 3 variety of functions. 
Far example, the wandering granulocytic neutropMls, as well as mono¬ 
cytes. remove wom-out Ltsstie cells and mending bacteria by engulfing anti 
digesring them in true aniDeboid fashion^ when they arc known phngp- 
cyics (phag, catj* 




275, DiijrpwJRii, iJic passage oF n IniLdcyie ihp^uglj tbe woU of a 
capillary. (After Clark* Clark and R.cx.) 


Owing to their amoflKiid fariljty in aauming a variety of shapes they 
me able to squeeze between even the irregular edge-iQ-cdge margins of the 
flat cndothelia] cells forming tlic tluii walls of the capLILiries [Fig- 275 )* 
thus escaping entirely from the dc«d Wtiod sy-fitart into the TDtrr?itirf 3 
between the cells of tbsues evciyivhcrc fo ihelr phagocytic forays This 
escape of the phagocytes through the capillary walls is termed diap^d^iis, 
Tlicrc is indeed hardly a nook or cranny within the body diAi cannot be 
sought out and p;uet.rated by these nomadic benefactors in the course of 
thrir ?(auitary and curative peregrinadonsL 

Tlir mobilizmg of phagocytes b paiticubrly well demaostrated when a 
wound becomes itifrcted by bacteria* The ^inflammation” that results in 
swelling and pain is due to the crowded ranks of pltagocytcs a-ssrfnbled for 
a battle royal w ith the invading army of bactm*^. ff Ihe bacteria win, -Tdood 
poisqfung^" w'ith its jnitcsome consequences resulis. If the phagoryics win, 
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hcMJth is reslored. "Pus" is largely made up of dead phagocytes that tiare 
fallen in battle. Inflajmmatktn of the mucous membranes, or “catarrh,” does 
not result in pus formaliuii ordinarily, but in the production of a local excess 
of lymphatic fluid. 

The holes in the capiflary wails through which the phagocytes escape 
are immediately clnsed, like a puncture in an automobile tire, so that the red 
hlpod cells are kept within the blood vessels. Vagrant phagDcytes, Itowe^'cr, 
like the prodigal son, return to the blood stream. They do not reniter the 
l apillaries from which they haw escaped but are picked up by' the lymphatic 
^^ssel3 that permeate everywhere between the ceflji of the tiauta. By means 
ctf a system of valves these lymph-containing vessels forward their cargo by 
one-way traffic towards veins that enter the heart, and thus restore the 
runaway phagocytes to the general cifrulation. 

Lymphocytes are neither amoeboid nor phagocytic, hut monocytes and 
granulocytic neutrophils are both. Moreover, the non-phagocyde lyToph- 
orytes retain thdr Spherical contour. nei,tr hy diapcdesis joining the 
phagocytes as “free lances of our corporeal militia" [Slosson). Instead they 
collect in the villi of the small intestine to engage in the transfer of fat 
globules, enmeshed in their cytopUsm, by way of the lacteab to the blood 
stream. 

5, Thromlwcyles 

In addition to erythrocytes and leucocytes there are present in the 
vertebrate blood less well-known bodies, generally called tbrombocytes. 

In the frog these have been described as “spindle cells," intermediate 
in character between ted and white blood ceils, and sblc possibly upon occa¬ 
sion to be transformed into eitber. 

Although true spindle tells with nuclei have been found in the blood of 
cenaio fishes, amphibUms, reptiles and birds, they am not present In mum^ 
malian blood, iheir plate being taken apparently by small bodica which 
BLuoKcni has named blood filat^lelf (Fig. 274). 

The unstable chamcier of the thrombocytes ja shown by the fart that 
they tend to mass together and disintegrate as soon as the blood is shed and 
exposed to ah*, which makes careful detailed ob(scr\-ation of them dilRcult. 

The term “ihrombocyie" {thTombus, dot; cyfe, cell) is not a very happy 
one to apply to blood platelets since it is doubtful if they are true cells but 
more likely small enucleated fragments of cells, with slight amoeboid 
motility. They have to do, howc^'er, with forming the “thrombus,” or clot, 
that prevents excesslv e hemorrhage b case of wriunds, 

fhe different kinds of thrombocytes in hunum blood vary in sbtc from 
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O-S lo 4 mkra iu diameter, thus being considerably smaller than er)lhrfj- 
cytes. *l'hey have been ESiimateii to mimbcr from 200,000 to 778,000 per 
cubic miUiiiictcr, with git^'en by Howell as an average for human 

blood. According to Wright bltiod platelets ha\-c their oriRui as fraguiciits 
of the giaril ceik of bone marrow from wliidi they arc cunstlktcd off, 

fi. Plasma 

Two thirds of the blood is fluid plasma in which the different kinds 
of cellular element'; are home along through blood vtsssels, 

Piasm a is aboul 90 per ecnl water, 9 per cent organic substances such as 
fibrinogen, paraglobuJin, and serum album id, and about one per cent 
□rganic salts, tvhich brings it up to apprcMutiately the same density as sea 
water. Animals with blood of balanced density living submerged in sea watcr 
do not suffer from upeetting osmotic cacchangc, wiiirh can be dangerous 
or even fatal when it otcius suddenly as in the case of salt-water fislits that 
are transferred to fresh water or vice verju. The salts tfissrlved in human 
blnod plj«sm rL ate lemiiiiscent of osmodc coaiditions long ago when our 
remote ancestors had not yet emerged from an aquatic hahilal. 

The plasma is a ntm-living fluid of much mure chemical complexity 
than appears in the test lube. It contains a constantly chailipug ii-ariety of 
substances in solution, chief among which are dissolved food materials tm 
the way to cellular delivery, and waste products that are being coUected 
for climriuitioii. There air abo prcseiil eazjmes of diverssortA which activate 
chemical changes: oproniiir, that prepare irespasing bacteria for phago* 
cytoeb; iormones, the chemital messengers from endocrine glands on their 
W'ay to the performance of tasks of intcnial regulation; antihodiei and 
other problematic.^! substances engaged in constant warfanr against harmful 
invasion; and finally, yiftrfiiogcit, which ah ho ugh ordinarily free-flowing 
like other dissoUrd suhslances. can lnr turned when ueceasary into iriKilirble 
fibrin, that forms an entangling mesh like a barbed wire barrier thraugh 
which celh dn not ea.dly pass, 'litis is the cfoi which acte as an emergency 
plug to present the escape of blood from wounds while organic repaint are 
being made. 

Accortiing to Howell, a substance in the plasma known as prothrombin, 
togciher with calcium salts, may fnrtd thrombin upon cxpOfWre to a roti^ 
or ragged surfacp, such as the edges of a w'onnd that are unlike the smooth 
inner walls of blood vrasels. Thrombin liaa the perwer of tmrvsfiirmmg 
toluble fibrinogen into insoluble fibrin which in turn mtatiglc!! the blood 
cells and forms a dot. 

Snmctimffi a blood clot forms around a solid body or breaks free from 
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a wound, when it becomes an emboluj. Such a cJot circidating within blood 
\t'scls may obstruct a capillaiy or a larger vessd and cause trouble. For 
cxaniplr, if k blwlts tiie hrnt hnincliing of the lung anerj', it holds up ike 
entire circulation and nmy cause sudden death. An ctnlxilu* may arise from 
other causM ihaji an outside wound, as in die case of ‘‘hardening of the 
artenesi,* when the wail of the blood vrael may become ruptured. If a 
traveling rmiidua b caught in the capillaries of the brain, it mav give rise 
through pressure to a “shock “ or apoplexy, recovery from which b dcoend- 

ent upon the removal or absorption of the embolus within a reasonable 
Ume. 

If it were not for ihr mechanism of tjie blimd clot, loss of blood from 
even dight wounds, or breaks in the walk of the blood vtasels allowing leak- 
would prove lo be muLh more scrioijis than it is. 

Haemopkiiia b a hereditary condition in which some link in die chain 
uat no™’ally nsulu ui clot formaijcm is missing so that the mahility to 
stop leakage from even a small wound may msult falallv. Pemons 

thus idiljted aiT known as “hleetkis.” Males am more susceptible to 
Wmophiha than fcmalta, since h requirea inheritance of the trait from 
both aides of The house to make a female haemuphilic, while inheritance 
througb one parent a tntiugh to cause a male bleeder, 

III. BLOOD CfL\NNni,s LN GLNl,IL\L 
L I he Lvolution of Organic IrTtgation 

lihod cAnnaWr may he regarded as a device for increpsiog the inner 
surface area of an orgarasm with trfcrtncc to exposure to adequate nutritive 
and rwpiratfiry hutora. In moat invertebrates blood cliannela are larKcly 
open laciinar, or perivisceral specs. 

The Tim evolutiomtiy siagcs ]» ihc development of a circulatory 
app^tus are prhap to be wm h, the prous spoogts, whrec “blood," that 
IS, Ihr surrounrimK water, carri« a random load of mirroscopic food and 
dissolved air past the lonely „rganired colonial cells within the sponge body. 

In flatworms, and medusae aho, there arc neither true blood 

rhanneb nor any specialised fcod-cartying medium of blood, since in thcie 
lowly cremurcs the digestive tiil« itself branches out like the twigs of a 
tret, extending between ,be edb of ,he body in such a way as to effert a 

direct delivery of nredfuT iiuiriment without ihc mediation of a blood 
stream. 

Arnong vertebmtw two gencrel typ<^ of channels appear, namely, a 
Ariemnl syitfm /if rF/i^ed lubts cairy-tng blood, and an mixiliarv tymf/h/Uk 
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tyiU'm carryTDg iymph. wbleh is practically blood without rtspiraiory red 
corpuscles. In general these diaimds lumi an irrigation system of fle*ible 
plumbing, ronosting’ of 3 continuemi senes of cavities, lined throtighout with 
flat endothelial cells, in which, the blood circulates. 

Tlic tact tluit blood b uot subject to ebb and flow but is constantly 
In motion always in one direction, and thal It repeatedly during life makes 
tlie eoitirc circuit of the blood \«scIb, was established in 1619 by William 
Harvey 11578-1657), Imig before anyonu actually saw the blood pass 
through the smaller connecting channels, It was Malpighi wfw in 1661 ilis- 
covered the capillaries by which the out-going and in-coming hlood vc»ck 
am coimectcd. In 1696 Leeuwenhoek charmingly described the capillary 
circulation in a bat's wirng as follows; “I perceived in many places an artery 
and a vdn placed close beside each other and of a size large enough to 
admit the paaaagc of ten or twelve j^obulea at the same time; and in this 
artery the blood was protruded or dnven forward with great swiftness, and 
flowed hack through the vein, which was a most plcadng spectacle to 
behold," 

Although the circulatory system poirtrates to nearly every part of the 
living organism, there arc a few regions of the highly differratiaied verte¬ 
brate body that are not invaded by blood vessels of any kind, namely, the 
cornea of the eye, cartilage tifaue, and the qjidermia together with its 
dcrivadvea, hair, t'an?; , feathers, horoa, claws, and the enamel of t«th. 

2, General Plans of CircuIaUon 

flkxxl vessels arc related to each other as shown in Rgnrc 276. 
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2T(i, The relatiofl of blood vessel* to oni' niififhcr. 


i;<j) .\nnrltd Flam—Two longitudinal blood vesseK one tioreai and one 
vcnimL with ojUatcral connections, and joined at either end b>' capillary 
networks, make up the main dmilaiory system of the practically heartless 
annelids. The blood flows forwnnl thmugli the dortyd vessel and liaiJtward 
ihrmigh the ventral vessel in the simplest manner (Fig. 277), 
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t b ) Ampfcbjtits Pbn.—The drculalofy sjytcin of amphiojtiis is in maiiy 
JWpects a preview of the basic venebrate plan. In tlie first place the blood 
flows around in the opprsite dJiection from that of the circuit m the annelid 
p By itttating an annelid 180*^ on its long axfe, thm shifting its donal 
an ventral sides, the course of its general circulatian may be brought into 
ilgreanent with that of amphiumis. 


As in the lower vcitehrates, a large part of the anterior capillary svstem 
aviated with the pharynx region, which makes up about half the laigih 
of the digestive tube in amphioxus. Many of the posterior capillaries enwrap 
the remainder of the digestive tract. In addition there is introduced a new 
feature consisting of an extra capinary network spreading over the liver 
^vemculum to mtemipt the vessel leading from the intestine to the gUk 
Thus an hepiiu portal syttem is set off from the rest of the vtdns ((-’ig. 277), 
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rig, 277. iw of ciitiiLiiioo of atuwiy «d amphUnnis cootraued. 


A. a. p».=™ r«d „t d« phiu,™ rtc hep.,h ,„n. f«.n u„ i:,„, j. 

jomtd by enrW wiiu, W Ui. b«jy will, to form lb, mne 

whid. c.™ blood to tb, pboryoBcI „»|). |, i, by moon, „r p„Uullic 
a„«ri„riy aloo* the v,„.,aj aorta. Urn tbo blotal b 
p^prd bmugb the v«„m. pan, ol th, cincidalory ayatom of amphioaua. 
At tho ponmor pan of ,hb v»b,| i. prabably bomologoua with 
the heart, the great pumping organ of vertebrates. 

raied^'in amphioxus pbn becomes further rlabo 

^d bTihf^t'^ ^ of a heart, oe blond pump, 

-d by die introduction of an additional capillary complex involving tfm 

cxen^ organs, ihcreby establishing the tf„at poual tystem 

Tb, h«n b a Diawdar aod modifKation of a pan 

of d., main voaual blood |y:„, a., bepatk «pilkri„ ^d 







I riimpQftntion 

the gills, through ^hich ihc blood flows forwarcL The dfrvdopmcni of the 
vertebrate hcirc from this ventral vessd has its possible homology in ihc 
rotated anndid plan, since in the latter it is the dorsal vessel which beemnes 
mirscalar enough to pulsate anti sei%c as a pumping organ. 



Partol 


Fig. 27A. Plan of drculation in a IbL 


The mum of blood from the region of the large prapdler-like tail, char¬ 
acteristic of fishes^ is effected by iiicaiis of the renal |}i>rlal system which 
tarries the blood through a capillary network in the kidnev'^ whence it joins 
the main blood stream. In felies, therefore, bmdes the capiBariejs which 
unite the outwarri-bcjimd distributing sy'Stem of blood {arteries) with 

the mward'btiund collecting system (veins), there arc two major Etrainn- 
like complexes of capillaries within the kidnryTj and the liver respectively^ 
that intemipt the large vessels and modify ihc stream of blood rctttmijig 
to tile heart* 



Puim onory A rtery 


Avr>d«j 

RiQhr 


fflody 


P^jlmcKlRryl \ 

^ Ktfpotk Pqrtfll^ —■ 


Lymp^cFtk^ 


(d) Lung PlaEi of MamiuaK—The general plan of clrviilatron among 
higher vertebrates, when reduced iq the sirtiptesf termst *nay be repre- 
seiued by a diagram {Fig* 279)* Tlie dotied hm. w^hjeh are connected at 
only one end with the clo^d haemal circulatory system^ show' the relatloii 
of the auxilim* lymphatic vessels by means of which Uinph h cciUected 
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from all rcgiona of the body, lopciher with Uie white blood celb thjit hiive 
escaped bj diapcdfsia from the capiUaries, returning them to the vavnns 
aybteit) jujit before neaclilng the heart. 

The change from branchial rtspiration by means of gills to pulmotiary 
rc-spiration Lhitjugh Jungs niakea necessary the introduction of a double 
ijlm»d cirenit, namely, the systemic cireulatioii over the besdy and the pul¬ 
monary circuit to die luiupr, with two central clearing linttseSj or hearU, 
irutead of a wngle one as in fislirs. These two hearts are placed so intimately 
together, however, that when looked ar supcrficialty they iiave the appeai- 
ance of a singte heart. 

With the diminkiiing impintance of the tail up<«i cmergentic from the 
water and the evolution of locomotion on land by means of legs, the renjil 
portal system Ixcomcs discontinued. Ihus it will lie seen that the dianging 
methods of ttapiration as well m, of hicomotjon have mtxlified the circula¬ 
tory plan in land anirruib, 

3. Structure of BUwd Vessels 

1 be walls of blriod vessels show* certam differences that serve lo dis¬ 
tinguish artffries, vdns, capillaries, and Ivniphatlrs from each other. 

Arteries and veins of die same si/e externally are not easily confuBcd. 
riticc veins have thiuner walls and a larger here Inside, and consequently 
are more liable to colkpse than arteries when emptied of blood. The walla 
of both arteries and veins aie made up of three layers of thsuc fFig. 280 ) 





Fig. 2fl0, Tiuntvrnc fectiitn cf an urTfry and a vem of coitrapoDdiiur 
UK, ihowinf the dirtp l.iycni, (,\ficF iTiudcy,) 

known aj uinica inthna, tunirn media, and tunica adventitia. The inside 
layer, or turn'crt (fiffnm, Is invariably compsed of a lining of flat endotbellal 
tell*, wntitnjijus and universal throughout all the blood veaela intliiding 
the heart itself. This lining, except in the capillariis, is wrapped about b\ 
teinfuremg conneclive tissue. The middle layer, iir ttmiai rnfiiiof b largel* 


TTiUi^portittion US 

toropcfidd of smooth mii^clc cells, arranged mostly in circular (asWon and 
inttrspcised with cnnncctivc tissue fibers, while the nuter Liycr, or ianun 
adventitia^ is principally cunneedve tissue, mon: nr Ic&s clastic and ptne^ 
trated try lymphutits as well as vaso-motor iierv'c fibers that control the 
changing caiibci' ot the blood vr^K 

There are cenain largr vtitm in nianj snih. as the unifailicalT iliac, splenk, 
renal* and superior mcsicntieric, which arc noteworthy because longiuidiiial 
muscle fibciTs als<» arc iounii in the oiitside laytT of the wall 

are thick-w^allcd conduits carrying blood a'^vay from the heart, 
and are cJiaracteriTcd by a weU-dcvclijped elastic tunica media that Is thick 
enough to maintain the shape of the blood vfjsscl without colliipic. The 
tunica adventiua in arteries is rebtivdy ihin. 

arteries follow* their cuur?ie throughout the body away from the heart, 
they gradually deertaM: in mzc, at various stages being called artetiides and 
arteiiid cafnltaries^ uniiJ eventually they become friic capiitaries wiih very 
ihin waIJs ajid minute bore, making it necessaiy' for blood crib to pass in 
"Indian file” and even to assume dbtMrtcdtdiapcs in order to M|ucin:c through. 

The true capillaricst which lack both a tunica media and a tunica ad¬ 
ventitia, form innumerable anastomotses and networks between the arterial 
capillaries on tlie uric hand and the venous capillaries on the uther^ 
Arterial and vthous capillaries, ihereforc^ 
are tranritiiTTial in ioeatkai as well ajs in rire 
and. in thkknss of thedr waUn lietwecn the 
capillaries pro[>cr and arterioles and ven¬ 
ules respectiielVp 

Veim^ whicii alway's take their rise 
fmin capillaries, are relatively thin-walled 
and collapsible. Since their walk are 
Jai^ely deficient m elastic tissue and muscle 
celb of tile tunica media, the tunica ad^ 
ventida iiecimti::^ ihe mts^t highly developed 
of the three layers in tlie wolb of veins. 

Pockrt-like valves that pri?vrnt or hin¬ 
der thr back-flaw of the htiKHl (Fig. 281 ) 
are present in the latter wins but not in 
arteries, except in the Lmmrdialc ncit[hhur- 
liood of the heart of sfui^e gili-breathefs. Valves arc not present In all 
bring largely ah^nt from tlie ^^cins of the brain, cord, .meninges^ bones, and 
the iitnbllical vein, as well as fni.vKl: \-tsreraI veins, excepting branches of the 
hepatic portal ^ivirtern. Thr iliin-widlrtl veim art much mure tikdy to pny?w^ 



Age 
Fig. 281* V^tw in vtim^ k vwnf- 
lc4 vdn Imm the oatilde kidicstln^ 
die pieActice of n vah-c; ^ valve 
open xllerwing the blood to How in 
thr directjDQ of the iutmvi; c, Viilve 
chwpti pmmiiaif the b,ir|jlW of 
blor^d In tlir direclioii oF ike anowi. 
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become varicose, oi* to enlarge into sinuses, than the thick-wallet! 
arteries. 


Lymphaiies arc typicalljr varicose as well as capable of great distension. 
OrditLanly they do not acquire thick tniisctilar or eiastic wails and are very 
coIlapsiWc, although the larger Ijrxnphatics nearer the heart develop a definite 
tunica media with muscle cells that e^-en enable them to pulsate. Lymphatics 
oiiwmc around the other blood vessels in the most ititiinate lashion, yei do 
not commimicate with them except at one or two definite openings near 
the heart where the lymph may be returned to the general blood stream. 
Lymph capillaries, although never as small as haemal capillaries, have the 
same sort of thin endothelial walls;. 

Pbysiologicafiy, if not morphoilogically, the large serous cavities, such 
as the body cavity, and the pcncardial and pleural cavities, as well as the 
synovial spaces around joints, belong to the lymphatic sv:stcm, although 
their walls have a somewhat different origin and siructtirc from those of 
ordinary lymphatic vessels. 

Like veins, lymphatics possess valves along their course m the fonn of 
crescentic folds of the tunica intima which act like sluice-gates preventing 
the retreat of the fluid to any great talent in the direction away from the 
heart. Thus they establish one-way traffic in the lymphatic system. 

4# The Rote of (lie CapiJlaric$ 


The first blood vessels to form in the embryne and the la^t to be dis- 

fapillanfs {capilla, little hair), Physi- 
olopeal y they ^ the most importanl part of the whole intricate system 
of blood Ch^eis jn the vertebrate body, because in them the final transfets 
of the oreulatory system are made. If the entire dreubtorv sy«em he com¬ 
pared to a reiiroad system, die capillaries correspond to staduns where pas¬ 
sengers and freight are entrained and detrained, while the more con¬ 
spicuous artents^Hud veins are simply lines of track connecting the stations. 

.Anatomists hare always been more concerned with foUowing out and 
homolopzmg veins and arteries, which it is possible to trace and describe, 
h^ with the namely capillaries that defy isolation and cataloguing. 
Uhm one considers Kroghs estunate that there may be at least 2000 
capilbnes permeating a cubic millimeter of human muscle, no one of 

cloutriJTih T "a" of all the 

capiUanc* of huj^n tedy. if unUngleri and placed end to end. would 

be as much as lOO.OW lulcimeten, that is, «iuul to tw>o and a half times 

aroimd the earth at the tnuator, it is small wonder that anatomism are 

forced to drvenbe them In the most generrd trrnw. 
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Unlike ihe of a. brcc that come to an end, capillaries are coo- 

dnuoiis and keep right on^ fomung anajttnmosmg networks which have 
a larger total cairvlng capacity than the hlnod vessels tlicy immediately 
connect ( Fig, 28^}. The reatiJt s 
That the rate of flow of the blw:J 
strtiam down as It giies 

ihrangh the capillary networks, 
jusi as a swiftly flowing river that 
spreads out upon entering a take 
loses iis momtniuni. Blood cells in. 
capillarirs may be said to "*cruwl" 
but as ihe size of the blood vessels 
they passing through enlarges, 
they "'hustJe*’ more and mmr. 

In capillaries the rate of move¬ 
ment. which varies within wide 
limits^ has been ijiveo as one twentieth of an inch per secoitd, wiiile m the 
highway of the aerta it is three hundred times as rapid. 

Capillaries may measures from (K003 tnm. to 0-01 imn. in diameter, 
while the largest human arteries and 'V'eliis ssonictipiea attain a diameter of 


hkrve 


CapUbries 



Grciibr Fibers 

2R2. A icnniiuii anmaSc, ^iinumidntf 
by ^ “siopccN^k" Ciifi of cimikr iuukIc fibcn, 
^hich iii luppiied by a nervd utdmg lof tegu- 
Luiug the fiow pF the bJtuMl, The capillary 
network Imving grtiicr IiUcrnal cspimsc tkaii 
I he arteni'ilc shows why the blood flow i 
more ilowly ihroiigk the capilLuic* than in 
the artirriolrt. (After Kdih.) 



Fir. 2flX DUp^am to ilbstmte 
die beliiiViOf of nrii bloffll cor- 
pawlisi In the capSU-Ptflci* Tlie 
AITOW 1 luarit ihr iMiinc of the 
bhwL P, a ”«addiebag"’ cor* 
pujck; k, cotpiftdc bending it- 
*elf iU it entcri a aide brnmcH; e* 
ddormiTy hi a fmirtnv eapillaty^ 
(Alter HdwcIL) 



Fii:. 2B4. Rmi^t miiiGle cells tilJit 
control the PoUher oJ the n|sniarics in 
the frog- (Aficr Rroifh,) 


3 cm* This is a difference of 10,000 diameters ot 100,000,0)0 times in 
rarrvirjg capadW. Single capillaries may be so small that, when imdUatod 
blood cclb that can pcnetmic i fme fcadity are unable to pj«a thromih 
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even in single BJe, or can only squeree throtigh with dlfHojIty by tcnipo> 
rarily distorting ihcir shape i Fig. 2f)3 /. 

.'Uthough capillarity generally art; intermcdiarica between veins anti 
arteries, they may sometimes connect veins and veins, when they constitute 
a ‘‘portal system " nr arteries and urtcrics, sis in the “red gland" within the 
swim bladder of fishes, or in thr glomeruli r}f Uir liidnevs. 

Outride the single layer of endothelial cells that form the walls of 
capinurirs some vcrtcbniteSv IhjI probably not mammals, have at intervals 
flat branching involuntary muscle cells (Rohgft cefti) that contml the 
caliber of these minute vessds Fig, 2fl4 j, Resismnee to blood flow is far- 
thermore exci ted by* enfflike cirruJar muscles aroimd the arterioles and 
arterial capillaries Under the cuntriol of t-asometor tnoves. When the hore 
rtf the arteriole is lessened by the conlnictifin of these drtailar 
hlood cells pas into the capillaries at 3 slower rate or are temporarily 
excluded. The operation of these ncmomnscLiJar stapcoclcs of the arterioles 
is also iiiflumced by mental states as reflected when a pereon is “pale with 
anger” or ‘"(luahird with joy .” 


r\^ ORIGIN OF CIRCL^LATORV S\'STEMS 


The beginnmgs of the circulatory apparatus appear very' early, since 
the tmtispun of food stuJTs to the region where the new animal is destined 
to materialize is a primary necessity. In the chick the beginnings of the 
formation of the circulalory apparatus arc as follows. As soon as tlic fertilized 


egg has undergone preliminary cleavage, and the potential pioneer cells 
have arranged themedve* into the primary gmn layers, certain marginal 
(clIs of Lhc spreading splanchnic mooderm become dumped together, form¬ 
ing so-called biood iiinnds (Fig, 205], These cons&t of hannofwutie or 
blnc^Torming (tils sumHuided by flat endothelial elements which are 
destined to beconte the lining of future capiUaria (Fig. 206). The blood 
Islands thus form a halo around the embryo on the .surface of the volk 
between die rndodemi and the splanchnic mesoilenn. ‘the developing c;upii- 
lanca that permeate the blood kUnds coalesce to form evenluaily a pair of 
delinilc blottd vc^Ls, the jtittllitte veins, one on cither aide. These lead 
directly Into the growing body of the embryo where diey unite into a com- 
mim trunk which is llir beginning of the future h«trt and t’tnirat aorta 
. Fig. 287), Anteriorly the ventral aorta splits mlo two parte from which a 
pair of vessels, tlic first aortic loops, utetids arutmd Onto the dorsal side of 


the primitive gut and leads info the paired doTsal {tortae. 'I'he aortae com- 
niimicate with vittllinf arteries which emerge and contmue outward lo 


liiienml TTmt'iportalion 


m 


the capillain^ field of the blDoci uluntk. This primarv' circuit, the first to 
be estiblished In vertebrate embryos with well-developed yolk, is called the 
vittllifit; cfirtii^TlfOH and has to do wilh the transportatim of fcMxl froin ihc 
yolk sac into the body. 
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Fig. 285. Dcirsal view erf a chick einbrjti oF abciiJt 2& houia. (Frtifn 
hntcTip MoHy Embryaiagy 0 / (ft# Chick, cop^Tighi J 92 St bf permhsion 
of P. Bbkljilati .^9 Sem and CDniparry^ pibfblurlic) 


Budding ofT from the tileUine circuit within the cmlarguig body of the 
embryo are secondary tmnk lines w'hich extend U7 and from both anterior 
and posterior regions of the body. These, together with relics salvaged from 
the tctiiponiry '^iielliiic circuit, later make up the permanmi syti^mic dr- 
ctilaiion (Fig. 28fi), 

Still a third circtikiion, the is Lempomrily necessary during 

the devtiopment of higher vcdcbraics to meet the conditions tmpo^d by 
cmbry^onic life wittun an amnion. It consists of a pair oi arl^rifS 

arising from tltc pckstcrior region of the aorta, which extend out lu supply 
the tenipciniry saelikc TOpiraloT>‘ allantois. The miiming dlanioic veins 
enter die sy'scemic drcuUimn close to the entrance of the vitelline veins. 

In mamnials tlic allantoic aricrics and wins become the umbUiaii 
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Fig. 286. rirawmgi of cmsu sectlofM ihnwgli the cxiratmbnviiiir vjb- 
l ular a™ cf a (^clt cmbn-D, to thow the tnganjnLtloti of bla»d hhndt. 
{Fmni Patten, firfy Em/irytiiagy 0 / tht C/iidt copyright 1929, by per- 
tnuEimi ttf I*, nialsitbiiit Son ant] Cloinpiuiy', piiblIihrTt.1 



t^iTciilatinn of tmcbiJtc Fiiihrynci. a, anpearaiicc of 
lonnatioii of aiifik 

(rfnm ntmiT, Hutorf ef thr Huumn copyright 1923 , h% nernit*' 

iitm of Hpitn Hfilr ,itid fAimpatiy, piuhllihen.) 





Internal Transportation 

aneries and veins that form the respiratorv' hridgt through the placenta 
bcrwTcn the felua and mother. The placenta itsell is a compound capillar>' 
mammalian organ of double derivation^ the part from the alLintob of the 
embrj'O interdigltating into the uterine wall of the mother so that by esmosui 
there can occur a transfer of materials bclwe^i the blccid of the tw'o. In 
the earliest known human embryo in which the circulation is described^ the 
aHantoic component seems to cake precedence over the \itelline circidacton, 
a state of affairs not tmexpccied since in mammals, as contrasted with 
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28B. Diiigram of cuibryi^iic clrculatiDH in a lorge-yolkcd vertebraie. 
! .ijfrer , i 


reptiles and birds, the yoJk sac and the accompanying vitelline blood vessels 
play a rflic of ever decreasing importance. 'ITtc need of a vitelline dtctiil 
wanes with the vanishing yolk, while the allantoic circml bccames useless 
upon hatching or at birth. Tlicreafter the systemic circuit takes up its con¬ 
stant functions and maintains them thrcnighout life. The precarious tran- 
SI lion from erabrynnic to prrmanrnl drttihilary deuces tnvctl^^ profound 
modifications. In niamniab, where the umbilkal cord is severed at birth, 
LI is very abrupt. 


v; TIIE HEART 
1. In General 

The vrrtrbnitc I>ean, which h essentially a modified Wood vessel half 
artery and half vein, consists of iwo kinds of chambers, a thin-waltcd venous 
r^ffir/rifig ehamhfTj wbere the returning hlood collects, and a ttiick-walled 
^ctfrial muscular formarding fhamhrr^ separated from the ftiimcr by v-alvci 
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which prevent the retre^ of the bliiod when the tnnsrulor Wiills ecnimct 

(Fij. 289 ). 

The Mr'alls of the heart arc composed of the three histoloj^ciU layers 
common to blood v^Is, with the exception that the involmitar> muscle 

celts of the tunica media are of a 
peculiar striated branching type 
which Is particularly dlcctive for tlic 
eiiomtous and imrenutting work that 
the heart ha« to do, 

l>r. Keen aposrnjphttcs the heart 
as foUrtwi^: "Ihc heart b one oi the 
most wonderful piesr^s of mcchanfern 
m the world, more powerful itt pro 
portion to ils weight than any Bald¬ 
win Jc^irrjiTKjtivej more delicately con^ 
su-mrled than ihe finest walrh, an 
organ wiiieh must do and— rnitabil^ 
diciti !—docs do its own rtpiiirs 
while ljusy at its wort. It knows 
mj Fciiinji of July or Christmiis or 
EiUiicr holiday, never cau even know 
the jciy and relief of sleeps 'tired 
rmtnre^s nweet restorer/ It begina its orderly rdten^cd contraedtm* and 
relasaiiom long before hhth, and (hey rcasc only at death. It must con¬ 
tinue them in health and in sicknes. when its function it often sadly dis¬ 
turbed. In mJtl career let it stgp for but a few niumcnts ami death coma 
iswiftlVy almost insiandy/^ 



SfOp-Coek 

M^ctwannin 


(AArto} 

Elniiic 

Cbornber 


(Aurkh) 

RsswvoFr 


(Ventricle) 

Pump 

Fift. 2B9. Tljc %aHciut paitj of a force 
piiinp iA)t cQmj?Rtcd wiLli I he cone- 
Tprmrllii^ pjrts ol die trift vcntrlciiiikr 
pump of the lirim Jn). {After Keith:) 


2- F.mbr>'oiiic Divelopmeiu 

ihr vcnind parls of the bypometea approach riur antitlirr to form 
the ventral mL-^wmtery in the rtgiuti of the phar^iix, they thicken. Brtwccit 
tlHmi mescnchyma! cdl^ establs:^h two thin-wsdlrd eudothdLd tubei (Fig. 
mi}. Th»c vessels Winn fuse ijitu a siinglr i-ndtteardM tube surrounded by 
thickened ventral mesentery die layers of winch meet botli abov'c and Iwlow 
the tube as dorsal and ventral tnesorardia, respectively. While llic meso- 
cardhj disappear almost immediately, the test of the sxntml mesentery', 
adjacent to the endncanliat tulie, continues ic> thicken, especially in thr 
region where the ventricle is to form. The wall of the original endcicardial 
tube becomes i!,e rndocordiuot, the lining layer of the aduU heart, whUc 
the Mnroundmg juatrrial devdops into (hr Mtyxeardtuni, (hr muscular layer 
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n^. DiagraimnArlfT crosi scciiom sKawing thr rnrm'iitkin of tlie 

Jtfart. In A the dn^eiidin^ plaice Imvt lufflj-iy mn, wiiK a 

nuTTilH^r «f niMrncIi> 7 n 4 l €£\ls liclwnrn ihmK In u ihrr plntci luv* met 
mrjjt ol the inEamiLtivniLi! cdFit have Itceti aiiUiocd in fonxitn^ 
a p:iir rtf eikdf»caTdi»l tabes. In a the oldiKurdml iiibes fujvc milled; the 
have mei dowUy; ihe vcflira] Tnc5ocjtdium h\i% dufLippciLrcdt ^ddf- 
liucial nicirtdrmwJ cellj are gn^iipiitiJ AtKiiii the single nJElpM^mrUiiil tiibe; 
Ant\ pJui prrrkardlil akVlty Ima birn rstoLllsiietL in p ihc dor^ 
cardiam hai dkappeincd, iwd ihc prlinurdium uf IIk hc^tt ii att^died 
to tlic waTl of the oivUy only iit each end, aa in Figure 291 h. Three lnym 
of the cnidbc watl arc now c% sckiiit niuncly, the cfidcac^rdinin, the iliiin^ 
layer; iJii! Jiiyocardium^ or nimelc liiycf: .and tlie e|)irardiiiTrlf ot vjscetiiL 
jxxLl^.ArdJ|lp^ die cmeriiig hiyrr* 


of the heart, and a thin i:ovcriEg ihf vitcerid p^ri^^Tdium* With the 

disiippearanc^t nf the rtic^iiardia^ the heart iir^ fi^e Lri the pmcardml i^^inty 
aUachrd only ptinteriorly, at the inuisven^c septum, and anteriurly at its cxii 
where it passes over intn tiie viminil aorta (Fig. 291 

.\ithDiigh the heart is at first n relati^Tly sitnple tube, it soon enJarges 
atid hcfomes modified. Induded aitiong the rlmnge^ which occur are: con- 
jirii:twnj into m^ral ehamhers; rf/jf(7feiioV;/ thkkenifiii of f Ae m)'0<!atdium, 
resulting in the rjitahlishment of the thin-walled Ti;cdving part and the 
thick- Vi ailed (orwardmg part of the heart; and a Unking of the chambcrti 
ner^itated by rapid growtii withiiL crowded ejuarters, so that they im 
longer lie in a straight line. 

3, Flvnltiiiort 

In ampiiimtus, in whkh the circulatory apparatus k so primitive that 
red blood rorpusdis are licarce, an accessory lymphatic system is not yet 
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present and there is no heart at alL The venuaj blood t'cssel which eaiends 
between fhe ii\»cr divertirulum and die gills is roniractilc enough to sent! 
the blood InrwartL It is this part €>f the ventral aorta that marks the location 
of the future vcrtehiatc heart, hitim such a beginning the evolving verte¬ 
brate heart passes through a scries of modifications of increasing c omplexity, 
unta cvTntualJK there is devdaped the four-chambemd mammalian heart; 
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firti step in Hie differentiation of the vertebrate heart is encountered 
m tlte larval rmmoertetei ttage of the lamprey eel in which the prophetic 
vxntr^ ao^ lj,ing between the Uver and the gilL* beramra somcwliat en- 
* and modified by constrictions, unequaJ thickening, and kinking. 
. imgh the ammocoetea stage of the lamprey shows the heart still m the 
common t»dy cavity with the Uvrr, intestine, and other visceral otgans, 
among fL^cs gcncraJiy a transverse teptum forms by a proliferation of tlic 
pentoneal wans, and ever after the heart is housed within the privacy 
of an envriopmg spare of its own, the pericardial eaziity. 

ill dasmobranch fishes the pmeardio^perUaaeat canal, a slillike open¬ 
ing bctwmi ihr ^ncardial cavity and the peritoneal cavitv, represems the 
last step before the istablishmcm of pericardia) intlepcndenrc. 

o) SinglcHfiTicml Hearts.-The relatively small heart of fishes consists 
typically of a wno of four rhambets through which only non-aerated Wood 
passes. .Vince the spent Word sent forward frtim^ the heart In the gilU for 
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Rg, 292. Ivoluticffi of ibt lieJit, A, elaamotjraachi; a, tcleojts; ampKi- 

Ijlkuu^ D. lower tepiilc-f; e, tU^ton^ hirdt md maininah; d, dtrJuin 
or mirklCf p, ’vwtrpcie; a.o.* aorm; fr, J3iilbu^ aj-ieriDiug; r* cnitui; 
ducc of Cuvier;. hcpjitic vcint; p.a.j pylmortary attcry]; poit-raTBl 
vrm] pultmuiary vein; umu veudjui; tnioriu ^ttritiuii^ 
KlOgdqr^) 


—Vanhral Aorta 
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ACrA-ticin must malu! the grand toirr ol fhe body and become apin non* 
a^ted before it U retEimcd to its starting point in the heart 

Beginning poatoKirly the fottr duimbcrs in thn heart of elasiEtobranch 
Fishes are the iinitJ venomsM ^/nuTra^ tfentntl^f and canus ari^riosus (Fig. 
291 b)p The Gist two bdoDg to the re¬ 
ceiving region of the heart and are 
Tcscrvojra With elastic raUier than ihicJt 
muscular watls^ white the ventricle is 
thick-wallcd and muAmlarp as befits 
the forwarding pump of the bloods 
The conus has a muscular wall of 
Tooderatr iblckncss^ which by* its elas¬ 
ticity aids in reguiattng the back pre^ 
sure of the blood as it is forced through 
the vent fid aafic into the nearby capil¬ 
laries of the gUk, 

In dasmobnmehs the single atrium 
rccetvta the blood that has been 
poured into the sinus venosiB from the 
ducts of Cinicr and the hqiatic veins 
{Fig- 292), A tow of cup-tike ^•aJves, 
witJi their concavities m front, tjuiifd 

the fl/n^rjrnlrirtdar openfttg permitting the bloodi to go mto the veotfidc 
but lilting W'iih blood to bk>rlt the opening when the ventricle contracLs to 
lorcc the blood through the conus (Fig. 293), Several rows of feffu/tfftflr 
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Fi^. 293, Heart ind ventmT aorta of 
Sqttaliii acanthiAi, fftmi ihe donal 3lck^ 
wiili t!ir ainiiiTT cm nprn. (After RSieJ 
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vairer in the contts allow this blood lo flow forw'ard but, when the vettlnclr 
begW to relax, they hliH'k tlie cuijns hy GUuig with bluod as soon !tjs it 
stum to flow hackviartk ^Fig. 294 a). 



A 



Fik- 2M* SriHnTLitir wrllrai ilirmtEb the lintrti of varifiu. fLihw 
to ihow the rebtinn of ihe LtriEii* jnt| bulbus. a, chiutMihrancli; m, 
c, [iVfttf 


In bony fishes tJie cojiu? and ventricle gradually teltsrope together until 
in ninsi tdetut* the cotim is reptirsciiied by a very short region mduding 
a single n>w of seniHunar valves (fig. 294). With this shortening, die pos¬ 
terior part of the ventral aorta w draivn hack mio the pericardial cavity 
where it devdnps a thick muscular wall and becomes known as the iiidhiij 
artenoms. 

i&) Tramidonal nearta,— With the introduction of land life and lungs 
a new seCojtdjuy shorter circuit is initiated by nieam of which aerated blood 
firmi the huigs is returned directly to \hc heart hrfore malting the cxtmrinn 
around the body. The pulmonary blood b puuied into the left aide of the 
atrium, n partition having developed that divides the original rccehing 
chamber longitudinally into two chambers, a rigAi and a left nunVlk This 
inieoiMnnrhir sef^ium dn'dtrps to the left nf the opening from the ^us 
which therefore sends all of its blood into die right anride (Fig. 292c). 

In dipnoans and amphibians, which accomplish the precarioiis transfer 
from gills to limp, them is tints devduped whai may be rt^garded as a heart 
and a half, or a heart with one ventride and two atrm or auricles, 'llic 
suririibr partition is incomplelc in dipnoans so that a mixture of aerated 
and non-aeratcd blood results wldiin die auricles of the heart thremgh the 
HMiallcd forttmrn ovate. However, as this mlxturr b passed on thmugh the 
vTJitricIc. a twisted partition in the coniu, which has nm yet become in- 
eorporated in the ventride, tends to diuni the mixed blood two waja, ibsl 
is, to the limp and over the body. 

In amphibians while the auricular partition is cijmplcte and the fommeti 
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ofaliiteraKed^ h a mixture of aerated and nori-aerated blood in 
tlie cofitmotj cavity ol the vcntrirk. When sent over ihc bf?dy withmjt 
having first been miWficd hy n trip t« the s^ource of oxygen in thr lmng^« 
there ri^lis a condition eomparnble with huniing coal that h haii burned- 
out aiihes and “slag,” It burns pi40jiy^ This is one reason why these animals 
ate: “cold-hLooded/' since the only pure blood in an junphibian h in the 
short puJnionary veins. 
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295. The UgniFrianal beart of a frog ihnwinif the heginnbp of 
dJjTereuii^il dbtdhutifm ai hhi^xl jiesipltc the rtirniioa of a sngtc vm- 
trtde. (ilenrt inodihed from Knr,} 


This handiciip ot miiccd bhiod within the tTntricle of die amphlbiaTl 
heart is partially avoided by the rapidity of die brart-brnat which dues 
tint allow time for a thorough mjadiag of the two kinds of aorirular bitxxi 
that enter the ventricle from the two au]icte% and by the spongy redctibr 
structure of the \Tfiiricular chamber- tvery dniv iltai thr ventriek U fiUed^ 
the mass of blood occupying the ventricular cavity trmy be thought nl as 
mistncntarily of ihrce kinds, arranged in a sort of temporary ^ratiiicarion^ 
with tifin-aBi^ied bliKnl fmm the right aurirk placed nearest the c%h of the 
ventricle ] Fig. 295), the aerated blood fixim the lungs farthest away fmm 
this cxitf and ibr ineviLable niixture of the two somewhere m between. 
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the ventricle expels its cantents bdeire these irlatiom have time or oppor¬ 
tunity to changCf the iresull is that the noii-acrated blood nearest the tatil 
is directed by the septum of the coaus into the ikst possible avenues of 
escape, which arc the ptdmotiary arteries leading to the lungs- The itilcr- 
mediate mhicd blood, unable to enter the already filled arteries to the lungs, 
is forced alon^; into the next available blood vessels, which are the sysitmic 
afirtoe distributing blood over ilu- body generally. The best aerated blood 
of all at the bottom of the vcniiide, facing the last to emerge and finding 
all other passa^-ways crowded full, pases un to the rorotid arteries that 
Supply the brain, Thus the brain, that alway's needs tlic best available 
aetalcd blood, is in the way of obtaining it, even In such UTiintcllcctuaL 
ancestcjoi as frogs and toaiJ^ 

The transition from a single to a double heart Is further shown in the 
reptiles, which have come to forsake entirely the gill method of rrepiratJoJi, 
but, with the exception of the CrocodUk, have not yet anived at the estate 
of a complete double heart. 



Fig. 296. Huiajin heart of # 7.5 mtn emhoo, cui open. (After j 

Among nrpU'Ics an interi ftitrieidsir septum forms which tends to keep 
.vrparate the aerated blood, retiitnidg from the lungs by w'ay of the left 
auricle to the left aide of the i.-cotride, and the non-aemted blood of the 
Ix^y entering the right aide from the right siuricle (Fig. 292 d), ’Hiis par¬ 
tition is incomplete tn moat reptiles, so (hat there still exists some degree of 
mixture between the right and left ventridis through the foramen Fanizzae 
< Fig. 296), which represents the iaiit gap in the uncompleicd ventricular 
xpLitin. Wott-arrated blood from the right ventricle goes out not only w 
the lungs hut sn part also to the dursal aorta, the mum clbiributing trunk 
of the body. The result is that in reptiles, although the blood is kept un- 
mixed a."! fur as ihe dnrsal aorta, from that point on it i? mixed blood. 
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being distributed over the body wilt a corresponding tncv-iiahle sluggiih- 
ncs$ of behavior. 

(c) Doubk Hearts—In tlie Ciocodilia (Fig, 292e) the foramen 
siae finall y becomes obliterated and two complete hearts, Euperficially 
incorporated into one^ are established. One of these hearts, made up of the 
left auridc and powerful left ventricle, constitutes the pump for the major 
circuit over the body, while the other, the right auricle and right ventricle, 
lakes care of the Wood coming back from the general body tissues and 
bring sent to the lungs. 

Aerated and non-aerated blood, which arc mixed within the angle 
ventricle of the heart in arophibiaitB and in the dorsal aorta of reptiles, 
are kept ctjmpletely separate among liirds and mammals. As in Cmcodiha 
the blood of birds and mammala passes alicmatriy through two circuits, 
the pulmonary and the systemic. Blood entering the right auridc is sent 
into the right ventricle, then out to the lungs, back to the left auricle, to 
left ventricle, out to the general body tissues, and back once more to the 
right auricle. In birds and mammals the telescoping of the receiving cham¬ 
ber roaches the point where the sinus vcuosus is virtually elLminaied, the 
chief systemic veins emptying directly into the right auricle. 

4, Size and Position 

The heart of a bird is proportionately larger than that of any other 
vertebrate, for the reason that an especially efficient pumping apparatus b 
required to keep the machinery of strenuous aerial Im^nmotion going. Among 
tnammals small species have relatively larger hearts than large forms. The 
proportionate size of the heart also decreases with the relative decrease of 
the heat-dispensing body surface that accompanies growth. For example, 
the weight of a newly-bom rabbit's heart has been found to be 5.9 per cent 

the total weight, while that of an adult rabbit is 2*8 per cent, 

'I’hc pcfittion of the vcrteltnite heart is always ventral to the digrttivc 
lube, and in gill-bixathmg vertebrates, far anterior. When the bead of a 
fish or a salamander Is cut squarely off, the heart is iisuaUy included with 
iL With the development of a neck there ts a backward migratlan of the 
heart in higher vertebrates, until in such lung-necked forms aa swans and 
giralTes, it comes In lie a long disionce from its original loeatkm, being 
much more centralized with reference to the body- To have the "heart in 
the moiith“ Is, therefore, a sort nf ancestral itensation dial should In no way 
disquiet a comparative anatomist. 

The adult human heart weighs not far from ten ounces, and b apprnxi- 
maidy the size of the clenched fist. It is median m posilinn between the 
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luTigs I Fjg, 297 )j 3iid not oti the left sUk where it is popularly' located hy 
tragic actons and sentimental lovers. The reason it seems to be oa the left 
side is because the tiunotibiiig tip uf the conc'^haped veuLriciitaj" pan nor¬ 
mally projects from behind the sternum, 
toward* ilie left side, where its kick i$ 
mn*it readily felt. 

There are many misconcepiiotis cert- 
teririg around the human heart* For 
mstanccH it is rirvcr ''hr:nt^ 5 haped^* ac¬ 
cording to the cont'cntiona] Saint V^alen- 
tine's oudJnc, but instead i& a flattened 
cone, 

5. Valves 

The most coriiStant valves of the heart 
in tiir vertebrate are the Aurfcti/o- 
^rri^rtcn/iir which separate the re- 

cci\ing auricle Irom the forwarthng ven¬ 
tricle. They arc prrstent m all vcrtchfaies 
andj hi higher fafmsj are kept from re- 
%cfsaig under the pnssure of the con¬ 
tracting ventricle by tendon-like 

iendin^aej iliat are anchored in 
the muKtiJarwaUi of the ventrieJe (Fig. S98j. There are only twoauth valves 
tn the heart oi fishes but Jn the double hiyut of mammals there are fi\T 
present, t^o between the auricle and ventricle of the left side t&iVujpKf 
wa/Mij ,iml three [trieuifrid valves} on the right side. The bicuspid valves 
are commiiiiljr tmown as iniital valves front a fautied rescmhlance to a 
hiiihups miter. It was Fliridey who once humoTously aaid ilmt he could 
always easily remcmlier the lot'^tion of the uiitral valves on tlic left 

iidf ol the heart because he "ncs'cr knew a bishop to be on the right 
iidct * 

The jemtfaiKir taivet of the coous region are best sent in claitiia- 
branclui and ganoids, where a* many a* eight rows may a|Tpcar in some 
spedcs [Fig, 29 +a and e.». They are ruplikc pockets, lying fiat against the 
inner wall at tiic blood pasics out over them, but fdiing immediately tn 
block the passage-way tvhen the blood attempts to retrcBi. Similar vaJvw 
guard the exits from the heart to the pulmonary arteries and to the systemic 
aorla iti tlic higher forms. 

The pnmilJvT heart of fishes in whieh the sinus vennwis still persists as 



Fig, 297, Diajjrain ffinwliijf tnrdiaji 
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a distinct chamber has a pair of jfni/wjwriVw/at tmtw beti^cen ihc sinus 
vrnn^iu? and the atniim that^ Jikc swinipng^ doofs, allow the bbixl to |Kisr to 
ridier way. This dues tjo harm siuce both &ii]iiBr and atrium have the com* 
mon fimction of acting as re&crvoirs Im rctaming htooii. 
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Between the iilrinm* or auricle, ajitl the ventricte, on die other hand, 
one-way craiRt must Im? maintained when the muscular ventricle forces out 
the hltx>d, ciinjetjumtly mltml and tricuspid vaives with their djordac ten- 
dineae, swing only *0 far and do farther^ 

6* The Work of the Heart 

While ctitnpressing muv ulnr movements of the body arr largely respon^ 
sible for the propulsion of hmph through the lymphatlr: chanfieh, the heart 
b the jndispen^U: pump by meoiis of which ihc circulatiDn of the bUifjd 
b arcompibhed. 
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TTie hlood must be kept m consiant motiim. That this deme i* stumn 
by the familiju- fact that frtim any woimil, hawcvcr alight, which makes 
a break in the ditulalnry charnicb, blood immediately flows out. 

In amphioxus and certain annetid wumis a constant cumulation is 
bmugbt about dmply by the contraction of arterial blood vessds, but in 
vertebrates generally, owing to the enormous expanse ol the capillaries de¬ 
veloped, contmetion of the arterial walls b not iiiifficient to keep the blood 
In motion, and a heart becomes necessary. As has been indicated, the bran 
acts both as a force piinip (Fig, 28EI) , filling the arteries from the vetitricles, 
and as a suction pump, drawing tTnous blix>d into the auridcs. 

file rate of How uf the blood is faster of course when an animal is active 
than when quiet. The contractions of the heart of a hibernating feh, for 
example, may fall from over lOO a minute to two or three, while that of a 
mouK, whose normal heari-beal is ahout 175 per minute, may gp up to 600 
per minute tinder the sudden stimulus of frigtt. 

When a pcison b sitting qnicily, abmrt five pints of blood per minute 
are forced into tlie antta, an amount which upon violent exercise may rise 
to an output of thirty-five pints per minute. Since the total amoum of blood 
in a human adult b only ten tn fourteen pints, it w r\idcrit that, w'fiile un¬ 
dergoing moderate exercise, all of the blood of ilic body passes through 
the heart at least twice every minute. Thus, by the most conservative esti¬ 
mates. the Streuunus jt:d blood corpuscles in their brief lifetime travel many 
mdcs, while acctimpanring leucocytes that detour constantly from the main 
path, like an active exploring dog on a country nimble with his master, 
have still more ^tensive locomotor adventures. Though ranging wider, 
they do much of it more slowly and therefore do not maintain the average 
rate of the red carpusclcst. 

Another w'ay of reckoning the marvelous work prrfoimcd normally ami 
continuously by the hiimau heart ts to recall that with 72 beats per minnle 
two ounces of blood arc squeezed out at each beat, making the Total dailv 
output approximate 13.<XK1 pounds. Even the heart of delicate Juliet, sigh- 
iiig in her halcony, did that, When a husky stevedore is brreed tn handle 
15,{K)0 pounds of freight in his day^j work, he is honestly weary at nightfall 
and quite in the frame of mind lo strike for shorter houns. 

'the constancy of the flow is aided not only by frietional reristance of 
the moving blood against the inside walk of blood veaseb. but also by ad¬ 
justable variations ui pressure upon the blood stream exerted by the con¬ 
tractile walls of the blood vessels under the regulatory stimulus of involuti- 
iar> vatifmolor neme cnefiiigr, that act as “stoprocks" ; Fig, 282), “As these 
terminal arteries number lens of tliousands, and each of them is regulated 
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and rjjntnilled, one can conceive bovf complex (he stopcock sj'stem of the 
human machine h” (Keith). If the varying work of the htarl were not 
regulated by some kind of automatic device for adjiuiting the blood pres¬ 
sure and controlling the flow, disaster would inevitably follow whenever 
in the counties exigencies uf life, a euddcij extra load is thrown upon tins 
faithful pumpx 

The tirelos beat of the heart itself is mitiated and ncculated at the nnu- 
aurievtar natie (Fig. 299). This "pace setter of the vertebrate heart" is a 
nanvrw zone of tissue that marks tiic transitional region between the sinus 
STMCBUfi and the atrium in the fisJi heart, and which becomes incorporated 
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Fig- 299 L Diagrammatic: $ectian of ^ bcart to ihuw localmn of tiinltig 
mechanism. {Alter Kdth.} 


ai a part of the auricle in higher vertebrates. Another indispensahte part 
of the mechanism of the thtobbmg heart is the auncu/o-wntricuhir node, a 
dense network of cardiac muscle fibers connecting the auricular and ven¬ 
tricular walls, and acting somewhat like the '‘timer* in an auiomobile. 
Aerosa this bridge the initiatory stimulus, originating in the smu-amicular 
nude, 45 transmitted to the ventricle completing the heart-beat- The auric- 
ult>veniricular node was discovered in the human heart by His in 1893, 
and is ecmwquently known as the bundlf «f His, 

Although the heart beats in succcssave throbs, a constant flow of blond 
tt maintained because the dastic arteries, stretched by the pressure gen¬ 
erated by the \-eniiiciiIar contraction, gradually coritrsict until they are 
suddenly distended again by the next "beat'* of the ventricle. 'Dicrc is thus 
a conrtanl flow of blood fium arteries into capillaries. 
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VX ARTERIES *AND THEIR TRANSFORMVTIOXS 

In nncries, as olreody indicated, the blood flow b away fmm the heart, 
maJung the outward delivery trip of the (hings needful from the source 
of supplies to the capillaries. Thb object is attained in all vertebrates by 
means of one fundamental scheme of pathways, alUtough the gtjicfal plan 
is modified to meet the demamls of diflcrejil types of verteirrats. Once die 
main tninh line of the dorsal aorta emerges from ihc compleKido of the 
arterial arrangement in die head and gin region, further dlurniuiitm to the 
various organs of the Iwdy of arteries branching off fmm the aorta is fairly 
uncumpUrated and unirorm throughnui die vertebrate scries. The anterior 
aneries of the gill region that hear tJie bnmt of the Lriingfornmtion from 
water to land life, howcv-cr, show greater diversity. 
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Fig. 300, Dragranii illnitratlng the oF rhe mimilive heart 

and aomr artbei. *, early itagej ». later itHjgr. f After Heidcr.) 

In amj^oxup the v^ntml oorta, or the main blood vessel anterior to the 
iver Avemculuni {Fig. 277), is conneaed with the dorsal anita by a tium- 
b<x pf pairs iif lateral loops that eadnJe tljc anterior pan of the digestive 
tube, -nirrc may be as many ossbety pairs of these loops in the adult ani. 
mal, occupiiing a large ptwtion of the anterior part of the body. Each pair 
is interrupted by the insertion of gill capillaries in whkh the blood miles 
on c’lsygoi from the atjTroiuiding waicr, 

fn tnic ve^hraics the number of pairs of branchial loof», although less 
m the adult, is typically six during embrjonic development, with the ex- 
cepuon of certain primitive sharks, for example WexiincAiw which has 
seven, and s^e cyclosiomes which exceed the typical ninnber. The firm 
pair IS laid down as part of the original vitefline circulation (Fig ^871 
Suhsequaidy five adrlitinnal pairv am lard down one after the other, be¬ 
ginning with the most anterior one (Fig, 300u 



iutmid/ TratisporttUion jfij 

The usual embryonic arrangerncnt of these branchial arterial vessels, 
as indicated in Figure 301, may be talteo a£ a point of departure for the 
adaptations- to follow in the different vertebrate classses* 

It wiH be seen that the branchial loops do not conrir.ct directly with the 
main tlorsal aorta hut fipit join with tw o smaller blood vesseh, the raduts 
aortae, which secondarily joiOt like the converging aims of tfie letter }\ to 
make the single dorsal aorta. 
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In yfe/br (Fig, 3021, the two most anterior pairs of loops., that are sup¬ 
ported by the mandibular and hyoid archs of die aplanchnor.ranium, are 
reduced in branches of the third ba adult life, leaving the rcmalttiiig four 
to become the bnuicbiiiJ arches, intcmiptcd by the capillaries of the {nsernut 
giUs as they pais from tlic ventral side to the radices atinae. 

In urtnlde amfikibian^ {Fig. S03) ^xUrn^t gUll are mlnpdlitcd which, 
unlike the interna] ^Hs of fishes^ do not directly interrupt the branchial 
loops but are established cm a detour Irom the loop (Fig* 32fl), can that it 
is po£«^ib!c for the bkiod to pa.^ from tlir ventral to the dni^ aorta by 
either of rwo rotnes* one through the uninicrrirpted brajichial Wp in which 
no capillaries are prrsentr and the othci' by way of a aide line through the 
capillaries of the e?itrrnal gills. 

Three pairs of auch cstcmal gills» siiuaied on tlH^ps l\\ V, and VI. 
may br proent in uroddrsK Thutk in ihoac salamandei? that discard their 
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gUb during mcUmnqihosu, it b posibir for the blocd to progress without 
inteiTiipCEon by way at the hranrhial loop direct^ avoiding the disastrous 
consequences which would inevitably uauil if a single unavoidable route 
throujijk the intcntal gills, as iti fishes, were put out of commission. 

In unoJelo, it should be noticed that the last and nuist posterior loop 
(VI j has its ventral portion prcj«ed into the service of the pulmanary artery 
which goes to the nrwIyKstahiislicd lungs, for the oxygen-supply, instead 
of directly to the darsat aorta. ITie dorsal part of this loop Is reduced to a 
duettis erieriosm, or duel of Bolallus, In all aiiuiiotes this duct funcliam 
until hatching or birth and ity ghostly remains still haunt the merial com¬ 
plexes of higher Vertebrate^ even of man. serving as a reminder of emer¬ 
gence from watL-r to hmd life. Furthermore, in lu-odetcs loop V and that 
part of racJi radix aortac between loops HI and IV, in iiniiciparion. of their 
later obliteration in anurans, become much allrouated. 

The Hnurflfu, represented by tlie frog (Fig. Sa*)/, pass through a youth¬ 
ful tadpole stage in which tlicir branchial arttrlrs Tcseniblc those of uro- 
dclcs, but they go a step further in burning their auccstral arterial bridges 
behind them, iiuce only three pairs (III, IV, ajid VI) of die six origitinJ 
ciuluyunlL Wps survive Li the adult. Loop IV becomes the lari^ graceful 
paired sy^mie arch, while loop HI is entirtly devoted to siipplymg the 
head region. Since the connectives of the radico aortae that nin between 
liiopr III and IV are suppressed, the blood in the third loop can no bngrr 
pass bacltward direedy into the ibrsal aorta. Loop V, already ahowing 
signs of degeneration in die pcrennihrauchiatc urodeles, disappears entirely 
III Adult frogs, as does the dorsal part of loop VI, the ventral part of which 
piurisls as the putmocutaneous artery. 

In nepwer three paiix of loops, namely. Til, I\f, and VI, survive (Fig. 
3(M). VVitli the beginning of a separation of the vcntriclr into two parts, 
the ventral aorta near the heart s plits , not into two hut inio three parts, 
two of which go with the right venlridc and the third with the left one. 
(,lf tbr portiians draining the right ventriek, one connects with, only Inopa 
VI to become the pulmonary aorta while the odier leads into the left aortic 
arch 1\ as-ilic left rysiemtf norta. The dbvLvion of the ventral aorta draining 
the left venlridc sends blotxl ftirw'ard into the carotids and also through the 
right fourth loop, ngAi lyslettuc aorta. 

In olttpliibians llie mixture ol aerated and non-ajerated blood occurs In 
the single ventricle of the bran before it is sent nut over the IVth arterial 
loop, but ui reptiles, wlilch luive at least a partial partition CitabUshed be¬ 
tween the vrutifcular r’hitmhrrs of the heart, the mixing of “pure’’ and 
“impure’' blood may be postpotied until the right aud left hrauches of 
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loop IV pour tiidr diverse conlribution* into the common dorsal aona. 
Reptiles as well as amphihijuig are ''cold-hlooclrd/' one contributing reason 
bcing^ that in bolb casts soiue of the blood that bas not been oxy^nated is 
poured track into the dorsal aorta and Sent again “tmpurifitd” over the 
body. The result, like tnixJng duikers with i:oh 1, is that the fires do not bum 
any too brightly and cold-Woodcdncss follows. 
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Birds^ which nrosc from an advanced rcptilijin slock, follow thr gcnr^ral 
reptilian pattern hut they distcani the left sysicmk aorta (Fig. 305). 'Fhus 
the right fourth ltK>p and accompanying radix iic^rtae form the single sj^s- 
xemit: arch. This impartant change results in ah ol the blood pumped hy 
die right ventricle going to the lungs, none of it btroming mixed with the 
blood which is sent out from the left ventricle to all of the other organs of 
the body* 

Afammals^ derived from a primitive Tcpiilian stock heiote major 
ficaticms in the direction of the modem reptilian plan^ have both right and 
left hjurth tiKipH catinectcd wkti the portion of I he ventral aorta leading 
front die left ventridc (Kg. 306). In mammals it is ihc left fourth loop and 
accompanying radix aortae which persist as the systemic arrh white the 
right fourth Itxip bccomts the bcgiiming of the right subdavum artery, 
Thus in m^n a single Large liXip, like a shephenrs crook^ arises 
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[rom ihc heart, arrbcs over lo the left^ and passes backward to supply the 
body and its variDiui organs. 'Iliis loop is the comluned product of (1) the 
embf>onic: ventral aorta; (2) tlir Irft side of the IVth branchial loop? and 
(3) the left arm of the radices aortae. 
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Occasional rare cases, reported in medirai literature, of double aortic 
arches in man. or of the aoriie arch mj the right side as in birds, find a 
ready interpretation in tJic light of comparative amtomy. 

VIL VTNOLtS ROLTf-S 
L hi Grtucral 

Xfic rh^timrls hy tnciina of which The bluod is <x)l|£cttrU ancl nrtumed to 
the ht^zT hsvr (.mdergone a greater degree csf ^voluiiDnary adaptalioti in 
the vfrtcbmtc thuji tlie corresponding arteries that distribiitc the 

HowJ Dver the bcjiJy from the heartn Tliis b due in ps^Tt to the elaborate 
Cfjmplc3c« of capillarieji inserted in tlic coiirw of the veiti^ which (onn the 
p^ifta] and in |>aft tt> the accessory sennccs of the Iviaphatic 

s>^m of chaitncb. 

As would be expected the lea^c complicalcd armngejntrnt of if 

found in prn/pA/ox'iti iftg* 3f)7)* Bkxid from fht body wail h picked up by 
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paired aniericr and posterior c(tT<IititiI veifsi which romnunicaie with ihc 
vniiral aorta by means of the common fdr^itiuf vthlF, or ihictt of Cupirf, 
xAii unpaired caudal iWit picks up bknod from llic postanaJ region of ihr 
body and, near the anus, joins imth the rifihr postcardinal and the suhinliii- 
tinut vtin, which continues forward beneath the iiilrttine, not only «cdv* 
ing contrihutiom from the capillarirs that encircle the alrmentary canal, 
but also deriving food from the canal itself. 

l--pon reaching the lic'er diverliciiluni the subuitestiiial vein breaks' up 
into capiParies, thus establisbhig a prlitiitive hep'iilic porta] system, ’ITie 
htpatic I'Crn, from the liver, is soon joined by the common rarciinats to 
form the vtniial aorta, which carries blood to the gills and b dcstincfi to 
' \'olvr into the heart. 

2. Dev'elopmmt of Veins in Flasmohmnchs 

A brief survey nf the maui steps in tlie devcloptiieni of tlie veins in elas<- 
iniiliranehs will aid us in a better understanding of the adull plans of nut 
only tlie lower fishes hut vertebrates m gmertiL Al least seven of these 
najor steps may be rerognized, namely, (Ij vitcUlnc stage, f?) subintes- 
tinal stage, (31 common cardinal stage, (4 I hepatic portal stage, {.5) sub- 
davLm si^c. i6) fliifieardina] stage, and (7) renal portal stage (Fig. 3(18 |. 

A pair of vimUine vuins entering the body from the yolk jac. is de¬ 
scribed in seciinn I\'. is the first evidence of the venous systeto. Thrv run 
forwarU ventral to the digestive tract, passing first along the duodcaial region 
where the liver is sonri to grow out venlrally (Fig. 265), 

Soon a suhinteslmid e«B. usually connecting with the left vitelline vein, 
devrlaj^ along the ventral side of the piftterior part of the intestine and 
into the tail, after looping amund the cloacal rcRion. 

Paired eotnjimn ctirdimii oeins, or duett of Cuvirt, each formed by the 
uniun of an untenor cardinal ftom the head region and a pnstfrior cardinal 
from die body wail pcirtcrior to the heart, next appear. At this lime an;isto 
moses between the vitelline vtuis form two ventms rings, the antenor one 
looping around the small liver diverdcuhnn. 

A.V the liver outgrow th increases in die it pushes Into the anterior viicl- 
linr loop, pradually breaking up die vessels brie imdl they are cedured tf^ 
capillary siiEe. In tiii* mautier there is rstalihahed an hepatic port id svttctn 
which in this stage tiegins in capillaries in the tail region as well as in the 
wall of the dificstivc syaiem. The anleriDf parts of the vitrllincjs, wluch 
Carry blood Iituu the liver to the sinns vciuisus, now become known as the 
hepiuics, 

rhe next new vessels to develop are the lubcfarian t.-ein$, leading frrnn 


Internal TranspOTtiltion 

ihc anterior fin buds to tke rommon cardinals, and tltc eentral ubdotnitiul 
aeins running along the ventral abdominal wall to empty into the sub- 
cbvkm. Meanwhile the poeterior cardinnU have grown bock until they 
have joined with the cloaca! loop and the stibintcstinal vein lias subsc> 
quentjy broken away from this loop. The hepatic portal system is now iim- 
iied to the dfaining of the digestive system, as in adult anim s K 
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Be I ween the den^Tkiping mescnephiDi there noti appears a pair of mh- 
t'lirdinal vifinK each w^itJi numeroius lateral mniicc cions between it and the 
rrjrn^ptmding pi isteririr I'ardinaL Gni dually portiotLS of all c?crrpt I be most 
anteriof pair of thaw conncilioriis are broken up into capillarici& in the mes- 

onepliTioi. 

Finally^ the prxFicHor p^rts of the posterior cardmah become the renal 
ffioiat ik:$ they break away from their anicrior part:s* a result of this 
rwparatinii the ndult plan of vtiiui associated with the mesonephroi is estab¬ 
lished* 'Hie renal portal s>'?teni, campi>s<id of the caadal vein and two renal 
portal veins, Cakes blood from the tail to the mesonephroL Blood from the 
nies^iiicphroi is i arrird lo the heart by the veins known in adult animals 
as the posterior rardinalSj, derpitc their embryonic ori^ii Frtmi srverdl 
sriiun’f^i inrliiiJmt; a pair of subcardinab and a pair of lateral eonnerlions 

will as Lhr anterior parts only the I'nibryonic po^rterior rardlnak, 
,\ Iran while thr ventTal abdominal wins, growing ixjstcriorlyp have extended 
iiitc .1 the posterior fin huil^ as the iliac 

By these ^iirinus steps the adtilt plan ttf ettt^mnbranf ht has been rcarhrd 
{Fig* 30Ho !. "^Fwo pairs of lar^c sebiH enter the heart, iiaiiirly the hepafk 
veins ffum Lhe liver and the laminon earditial i^eins, into which empty die 
ixjjilencir rardinah^ anterior rardinab anil Mlbc]a^inn5. From the tail region 
the Tcnfd ffprtai rysirm fiarriirs blood to dte mcsr>ncphroi where it passes 
thrfiugh capillaries and b picked up by the pastt^rioT (^ardirndi svhidi abo 
drain die dorsal part of tfie Iriink region. The anfs-nar cmdinalSf aided by 
imich smaller reium blood to the hean from tlic head. The mb- 

dtivians drain not only the pectoral appendages and neighboring body 
wullt bill tlirongh the ventral ahdifminals^ the vr]itr*il btxly waU and, 
through ihe itwcij. the pedvic apprndagirs. Blood from the digestn-'c system 
b picked up by the hepatic porlij/ system, tarried to the Ihwr where it h 
strained thnmgli capiUarirs, and pirked Up by the hepatic veins. 

3* E%tihtlum 

In the larger group of fw^tvy fchrs tlir venom arrangenirnt b much iike 
tltai of the cjtnikginous clasmohranchs>, exeepi tbai the. ventral abdominal 
veins dbappar. ami the traihe frain die body wsaH ^d pelvk fins b 
sliuntcd over to the pcssterior taniinah. 

Saiamanders and fmgs, as re present ail ve amphibian:^ presem further 
stagcj* in the evoIutMiri of vertchratc veins' which can be interpreted by 
l omparisuii witli the mnrr gcneridisicd airangcmctit already described for 
cliisinobranch fehes. 

The plan the prinrlp.il veins in .falanunidL-rs, as shown diagrammai- 
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icJiiUy in Figure 309prr?mt$ Ihrrc: irttiking innoW'ilions. First, there iip- 
pears a rurw^ v^in, iht posUxtvd or iwmj posi^mr^ that rivals the an- 

tcrior portions of the posterior cardinals, collecting their (iIoolJ from the 
inraojiephn>i. Arising cmbryorucaJly hnm the hepatic veins* tfiis important 
hlood channel gtov^-s hack through the liver and then along the dni^ia] body 
wall near the dorsal aorta to join the po^iteardiojiLb where they fuse near 
their junction with tJie Mibcardinal^ ai the aitLetior cn^h qf I he tnrsoEie- 
phroi. It inr reass in size tmiii it takes over most of the transportation from 
I he abdu nurLa] cavdty to I he heorL 
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Fig. 301h DiagrantK of llle vencrua f-vstems aF (aJ a luaiide ^fiil [»} a 
frog* Lett auride and pulmcmary vdns not 


SecondlyH rhe iliae veins furl:, each scmling one bmnrh to its renal 
portal, ’wh3c the other branch, TcprescntloEf the vcntTTsl abdominal vein oi 
thr diismubraiich, ftises vvith its fcllmv to form a median ^irnlrd/ abd<^minat 
vein that emptier antcrinriy inUi die hepniir }K>rtal vein. Btood reuiming 
from the bind kg? of an amplnbian, therefore^ may pas^ througii either ihc 
renal portal or the heputir. ptirtat rapUlary stridiicr lirfore rear King the 
heart* whereas in fishes the ihac: blood goes diiredy to the heart hy way of 
the \eiitrfl! alidirmitial veins without portal interfrrcncc of any kind. 

Tliirdlyi amphibians, as lun|; breathers, drvdop a pair of p\ilmonafy 
mW. The puImEjnary veins are not represented in ih^ figures which siiow 
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only the vcirL« en:LptyIng Into the imiiuj vcntjsu^ m right auricle. Because 
amphibians me the to a ecmsiderabJe estent as 3 siippkmemafy brca[h- 
ing oT^an, they have in addition a pair oT well-developed imrUf 

frrpni the .^Isin, ^^hich join thr ^ubcLi^ ians. Diagrammatically tbeisr tiear a 
supcrlicial Trscmhlanre to ihc laicTT^l vrins of ebsmobranebs but should not 
be ronbised wilii iheni. 

The arratigetiiiiut i>f tlie vcipfi ui 3 frng embryo^ or iadx>tpk, b like limt 
of a salaniiiuder,. except duil tlie rivalry between tiic Tiewly c^tablbhcd 
pjpstcava and the diiniiiisluji^ posterior cardiiiiils CLilminates in llie ciase of 
the Ifog tiut^Kile in the Ruccejrful montipfily of the drculattiry bliiod traffie 
by the formcT and the disappearance rtf the latter iV\g. 30yB). With the 
eliminatiuri uf tiie pwterit^r cardiiUils, the anterior eardmitt bcLome :^gle+ 

I ujituiuniis rJiajuieb with the duets of CuiLicrj fomiitig vern-s now called 
firefctim \veme c<svae {ininiores] Inio which the fui^uiar veins empty m 
return blood From the head directly into the righl uuriik of the heart, lu 
Thr fn>g the iliaci^ aic tTpnrseniril by jfWPt^ and idatic veins, the fcnioral 
splitiiiiJi^ Mi eiiief liie renal portal I pnstrardinal J and abdominaU and the 
sciatic entering the reiiiil [Kirtal. I'lusugh (hr tail is kfl, there is no conse¬ 
quent toss cjf the (Trial portal, ^iiich drastic changes as these, designed to 
meet the difhcuh tondiltuns accompanying Ltic preearious transitional 
mrthiHl of didr Life, arc typical of the many bodily rnakediifts which this 
small struggling gnujp nf veTtrbrat<^ ha"^ had To resort to in order to accom* 
plish the preat evoltitiDiiaiy (cat of emeriring from w'ater to land- 

'Hu' dcgrncjuliiiy posterior c::;irdiiiak betcttnc replaiTd in nqitilcs by n 
pair of IrjiigiLuclinal verlrhrat vsinS (Fig^ 3I0 a)j that involve anastomose 
of fwrme^wiewfdJ and iniercoa^a! 

In the head region of iLeards^ iUbikcs, and uirlles, as painted out by 
Bruner.* the venims syston b chaTactcri^l!d by an aljundnnre of siniu^S or 
blood-fdlcd etdatgrmeiitx of the veins, Ixith inside and outside of the era- 
nlitm. Til rough a mudificalkm of the blood pressure in the superficial sinuses 
that extend oi.tt the skull beneath the skln+ die molting fccdysial of the 
fin meal layer over the lieac! b facilitatccL Recouivc to such a luasening de¬ 
vice as these siiiusrA U udviintagefuix in the case nf di&c icpiiles because 
their thick dry in tegument 4 wbirh b parti riibrly tight o\et the head* doci 
not rasity allow lor cedy^b. In PhyynosDmn, ihc *''hnrncd load'^ of the 
cactiiA leg^rtm of .vuiihwrstrrTi United tltr venous together 

with asssxialed rrmsclc^i^ fornt a curious prcjtect4\c: merhiinism whereby 
these grott?squc anijcmik uiiilrr rxciicnicnt arc able to sijiiirt bkwd from 
iheir eyes by way of luptured sinuM-H of dir ^rbitiil vrins^ Modifications of 

* Jimr, .4ii4J|., v. VU, 
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the head ^'dns are maeb less in rvldenee in the Crocodata than in the three 
lower group of rqjtilea jtii^t mentionecL In fact the Ctocodilia deviate 
markedly bi itiany particulars from all other living reptiles and may poa- 
sibly be regarded as anatonucaUy the evolutioitary advaiiLc-guard of the 
reptilian army. 



. , ^^'Jugjlar 

Xjr ^^,bdov«n 

- 

- L*ff Hapotic 
t-- Rfghr Hepatic 
^T- Heporic Portal 
t-^Uvof 

^Vartebral 
^ Int^rto&taL 
Postenvo 

Vefltnui Abdomicidl 

—Rflnal Pwiwl 

"'Kidney 

.-ifpQC 

-CciMdol 



-^Jugi/lor 

-Pectofol 

SubctoYion 
Procervo 
Right Auricf« 
^Hepotics 
Uv*f 

Hapotk Porlof 

Infcitiri# 
pQs tujvo 

Lehirioe 

- Femoral 
■ Renal 

- Kidney 
■^HenaJ Portal'^ 
r'Internal iliac 
■^Caudal 

- Epigaitric 

(C^rygao-Moienie ritj 


A 


e 


Fig. 311% Diaifri>nis of ihc venoui spremi of ^ reptslc and fe) a 
bird. I^fl kiiuirlc and pulciionji'y wim net ilipiAtl. 


The renal portal system, although possibly pcrsistmg jn modified form 
lit irpdlcji* fli^ip|jean5 in birds, w^lth the loss of a Uiustiilar tail, while the 
al^dnnunal vein of amphiliiiin!^ and rcpiilo merges in birdA into an 
im i/eia [ Fig. 31dnK which is possibly hunjuloj^us with the aaibryofiic 
umbilical vein of mammals- 

The lost rrniil porUl system is not ircovcrcd in thr higrher V'eriebraicsj 
even in those species that jxjsicss well-iievcloped tails (Fig^ 31H* 

Tlie venous system of maminals k funJier characterheed by the tntn;>- 
duetjon of certain novelties. The persisting aiiierior end of the right pos-^ 
lerior cardinal vein^ togctKcr with remnants of the transient supraciirdinal 
and mhe&7dinal paralld to bccotni^ the a~ygo£ vein, while a fragmejit of 
this complcjj on the left may join forces aA the hemiazyg&s tudn in the more 
posterior part of the body. The azygos and die hernia ;tygo« seiri^ axe con¬ 
nected liv' transverse ana5tomiK!yng bridges into the d-ivgor system. 
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fn maniupiak, rodcntt, insect ivores, and many artitxlactyls, the azy gos 
system is about equally developed on the two sides, while iu Llie head tc- 
gkin two prccavas still pciaUt to return blood to tlie heart in balanced fash¬ 
ion 311 a}. In edemates, carnivores, anti primaica, on the other hand. 
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FTu. 311. DLa^rarns of the vtnOLis in inxtntnili. a* lowrr rTura- 

myn;in pt»n; b. cutlirynnk' tlage of jtitcrior vcisek In hlfrhi^r nrnrninAEf; 
c:. jal-crinr vTdsrti ui ihns^ hjgticr tnoiniiiJils whhk rctaiD pari cjf Jrft 
pci^trmrdinal, in dnttcti fines the puJts which diiuippeaT; Dj v-enous 

plan nf llwae higher oiMnnial* which lose ihe hefniinygM. 


a redurtion of thfl a 2 y|^ sysfem on the left lidc m an asjTnmctrica] 

sUfUng of tnml of the hhud frfini ihk area if? the right side for ddiverj- to 
ihc heart, wliile in the head region ihe right prccava becomes dominafit m 
the following maimer A cross-vein, ihe lift bruchhctf^httlk, is bid down 
frnm the right prec^va diagonally amiss and lorwiird lo the li^ft prerava 
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at Liie poinl the latter is formed by the imion of jugiilar and sub- 

cb^ian i Fig. 311 ii). The left prccava bct^^cen this enis^vein and ihe heart 
then degenerates fnr a sinal! partj ihc region of the original duct 

of Ciivier, which persists as the Ci^rofid^y sinus ilirough w^Mdi blood from 
ihr waH of die hear I k emptied into die right auricle. The part of the right 
pirrcava in front of the cross-vein is now known as the right bjachi&rephaik 
while the posterior part remains as die single preca^'a which empties into 
the righi auricle after receiving die nzygi^i t-em, the original right posWar- 
dinal ( Fig. 31 tc)* 

K{it only ilifi heart htii all of the larger blfjod veasds, arteries, veins, find 
lymphatics, arc supplied in dieir outer walls (tunica adventitia) with a 
ramifying system of nutrient blood vessels, called z;asa vusomm, or 
i}i the for jitsi as “diormaker’s children must have 

blood vcH^ls need to be provided with a supply meckmism of their own. 

MD. L\^IPHATICS 

The essential points to find out a hoi it the climive glio^^dy lymphatics are 
I heir cNtrnt *md relation to the tissue spaces of die body, which are noi 
empty at idl but imtead are Ciled with various fluid?, the more imporEani 
of which arc [ 1 ) pl^smCi. confineil within the e1osi!d ImcmaJ system of ar- 
leries, veins, an^l rapillarif^i (2) /yrnph^ carried wiltiin the lymphatic ves^^ 
seLs, w'bwh is much like pIa^ma but is without red corpuscles^ (3> tirme 
/furil, wdikch is plasma that has seeped 01 il I he main hIcHsd stream ami 
bailies die cells of mo^t of the much a^ dir waters of a swamp sur¬ 

round soil particlrs and keep thi:m moist; *; 4 ) fer^'hro^spindt /tuid in the 
subarachnoid spaces around the central nervous system which contains 
rertarn prfHluels of intmud scerction and k different fmm (he Ivinph in 
the I>inphatic channels; and finrilty \ die lluid In tin: aqueous chimikyrs 
of die eye, and that in the inner ear which, although described by the. 
terms ctidsdymph and petitympk, has no direct connection whh the lym¬ 
phatic system. 

Tlir anustomo$mg network of the !yniph channeb, wlilch Ore crocheted 
all nmund the other blood 1 Fig. 312)^ is anutcumcsdly and pli^iito- 

Itjgically distinct from dn: much more easily seen ancrics, veins, and rap- 
ilbric&of the barmal system through which the red blwd flows. They prob¬ 
ably equal if they tin not cxcrcd the liarimol system in total c:^ifrying capac- 
Jti' although they do not c?«icrid en^rywhere tlntiughimt die body. 

To quote Dr. Sabin who is an ouEstaiiding authcjrity in this phase of 
anatEjmy; ^^Lyanphatics have nrii lircii Ucmmi.'itmtrd in thr adul! liver 
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beyond the caps^ilr and the connective twsue sepia, Ji(}r in the jiplccn beyond 
thi: capsuJe- 11 i* wel) known that lymphatics are abundant hi tendons; but 
that they have not been detnonstrated in striated muscle. On the other 

hand, it has been definitely shown, both in 
the embryo and in the adult, that there are 
00 lymphatic? in the central nervous sys* 


Vftfn 


iyinphatit^ 



tern. 


The lymphatic ^'csseU of the digestive 
tract, which project into the butumcrablr 
villi of the small intestine, are known as iiu:- 
lfiats because the alisorptLon hy them of the 
fatty products of digestion results in on 
emulsion that gh'es to llitm a white (nili- 
lltc appearance^ 

LytnpKalic rfiaiuieb vsifv in from 
minute capUlanes wherr transfer of 

tnaterials takes place, to large dnefr and 
iinurc'i. Under ihc locise skin uf a Enig there 
arc extensive lymph reservoirs in the fonn of 
subcutaneous sacs (Fig, 3115'] which, Utc a 
wet blanket, protect tlie imtkflying tissues 
from excessive losi of water during the 
temporary cxciiirsiuns of this amphibian 
from water to land. 

Unlike red blood, lymph always travels 
toward the heart, backsliding heine pro¬ 
ven ted by niimemus poi-ket-like valves like 
those in certain vein?, which allow forward 
movement but prevent retreat, likhile the 
How of Umph is accomplished in some degree by gravity, its advance b pnn- 
eipally brrmghl about by the muscular movements of the cxcrcisutg body, by 
means of whitb it b squeezed along iL* one-way course toward the heart. 

Since the lymphatic channel in ihr adult are not incorporated in the 
dosed circuit of the haemal system, the pumping T»o^er of the heart, being 
an integral part of llie haemal syntall, can Imvc no effect upon lymph 
niDvemtnt. 

In die lower vertebrates the larger bmph channel? may acquire mus¬ 
cular Willis and beconir pukiiing lymph heufts, thus supplementing by 
their contmeriim the liody museles in the forward movcmmi of die lympli. 
Among amphibiims the caccUiaiis (Apodal liave a pair of lymph hearts 


Fif-. 512. Umg of wilh 

ihx-. bliKad QiirS J>inph vesscU ia- 
jcctcd, 'I'hf wm cut open* 

oksi Ibt, iiiMi nifiujLicd m 
‘U.ntj.iim. Only llic itiain Wiitichcs 
iif tJsc anrry aiul v^rm 
Hif; blwn) ind lyuipb vesstth mtfc 
driwn Ijy nif^ani of tlkc E^miiera 
fucida slwLw die txact tch* 
lioHJ of Iw^EJiscts of v£s&du tAitcr 
M 3 Her. 3 
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for c 3 ch of tile uunicroiis scjpnents of their climgiiied wonnUlce bcidic^ 
ufhile urodclcs likewise possess n double row of several lymph hearts, situ¬ 
ated along the pfKrtciior part of the lateral line on either aide. Frogs, and 
their relatives) lypicaJly have four lymph hearts m adult life, iJtiiatcti at 



Rr, 3J3. Siitnitaacoiiii lymph sacs of a frog. The aJsiu i* reprwctitctl ai 
removed aud the sacs are outlLncd by lines of eojincsidve tissue ibat 
join the skid to the ujufcrjying luusctcs, (After Gaupp.) 

four busy cttnera with reference to the leg* and arms (Fig, 31+), The an¬ 
terior pair are at the level of the third vertcirra near ihc jimiition of the 
sulKlavian and jiiguLir vdn* at ihr base of the arms. The postericr pair are 
at the base of the iliac veins in association with the bUmd supply of the 
kg-i on tiie dorsal side to the right and the left of the urudyfr? and can easily 
be seen tiuobhing under tfic skin of a live frog. 



Fig. 3!+. Lymph hearts id a Rjiftit, \ nntmjHdOTsal region; B, 
postcrw-vraitral (rgirirt. [Mtw Scbiiukeivitsckl 


In reptiles only the posterior pair of Tmph hearts lypicaUy persist, while 
in birds and mammals even these vanish after a rrmitUscent embryonic 

appearance. . . 

Added to the regular lymphadti channels and thcjr modincauons m 

die fonn of enlarged sinuses and pulsating hearts, there are present through- 
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out the tytnp-hadc aysttm, pardcuLirly in mamniiiLs, numcmus Ivmph 
nttdet, aa U(!il certain loralixed anti tir^ims of a predominantly 

l\-mphf.iid cimmettr, such 2 s the bone marroxv* the "fat boditV' of hibemau 
iiig animals, tonsih, T’eycr’s patches in the small intestine, and the spleen. 

Lymph nodes arr usually encapsuk’d, Vftth an internal mesh of c<m- 
iiertivt tissue tn txhich leucocytes are lodged. J’liey are supplied with iu- 
currenl and exenrrent lymph vesseLs, tJic farmer being more timncroijs than 
ihi- latter. In dirsr nodular suixitatinns not only h tite filtering of solid ma- 
leriaU in the lymph accomplished, but also tarrying leucocytes may there 
untiergo dissoluliun and renin^al, as well os renewal by mil^U. 

Mie largot and nutst constant of the lymphatic organs is the spfren, 
w hirh lies em apsulcd in the body cavity of vcnfhrates. U attains an aver- 

weight of seven niince* in man anti upon .xcasion may be extirpate d 
vvithoiil fatal resuliSi The exact funciion of the spleen is so probleniadcal 
that no xtalcmcni with reference to it has efer gone uncontnidietftL 'ITie 
imtients weir quite at wa regaoJing it. Hippocrates, the Father of Medi^ 
cine, says dial “it draws the watt:ry parr of the food from the stomach.” 
t'he great Arbrotk could only guess that it h a "prtjp for the stomach,” 
while Cairn, who was the prime authority in anatomy for ceninrics, oracu¬ 
larly declared that its function b "to keep the body warm." in more recent 
times, with almost equal v-aguenc®, woid gttes forth dun “it is getittally 
Ijciicvcii that tJii» organ shares with the lyanph tissues in the formation of 
lymplificytM. and is also conrerned in the destruction of waste red blood 
corpuscles.'* The ainbiliniis student with an Itch for discovery may be grati- 
lied to know that there are still left many little known regions awaitii^ ex- 
plnmtioii Ijcyoiid the horizcmi 

The largest of the lymphatic vesuds h the Miirecir duct, into which 
die others posterior to the dhiphragm and on the left side ut the anterior 
part of ihr Ixidy empty. It opens into the venous svstem at the junction of 
the left jUKuIar and h ft subclavian \Ti.LV. The rigAt Irmpkatk <lucU which 
reedves all lymphatic^ from the right anterior pan of the !x«fy, empties iiilo 
the right siihrbvian va;irj. In mammals, although embryonic ally piiireii, only 
the lefi rhoracic iJiic’t pcf>bt^^ 

The l>Tnph.»tic rhannrh arise fmin the haemal blood vessds, as has 
la t fi deinomtratcd by Dr, Saijin, and not indeptrndcuilv in tlie intemtices 
of The tissues ;ls formerly thought. Ktidothrlial buds from the wails of the 
eapillurim gntw out and make a icntrtfugttl invasion of the oilire hotly. 
rvmtnaJly becoming dkeonnertrd front the dawd haemal .system exrcpi 
»l ihe ptjiotx where the thurark duct and the ri^^t Ivmpliaric dnci connect 
vvith the veins in the neiithhorhoiKi of die hc*art. 
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The lymphatic fonrung as outgrow liui of the endnthelial buck 

are thu* chied at ihfrh distfit ends and do nfit open freely inio feuc spaces. 
The tciurn of the lymph from these spacer to the thin-wallcd lymphatic 
capiUarica, ihcrcfure, like Lu escape freau Utc haemal irapillaries^ is by ihe 
process of seepage and diaixdcsis and uoi hy direct entry into open ends 
of lymphatic ves^k- 
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TJte Release of Energy-Respiratory 



I, IN GENERAl, 

I, The Respiratory' Kiivimnmeni 

Every living iJiing of which wc have any kncnvledgr on the 

planet eartlt at the bottom of a vait aimosphenc ocean^ Air envelops not 
only all land sorfarics but extends ahio to the ntirnniffit deptlw of every 
body of water, large or small, so tjiat aqiuiic a$ well as terrestrial animab 
and plants find themselves botlutn-dwellers with respect to the all4ncltis'ive 
utmuEphere. 

Air not only presses on all the external surfaces of the body at approxi¬ 
mately fourteen pramds to the squarr inch, but also envelops the internal 
surfaces of the lungs. ITic oxygen runtoined in the air forms the indispens¬ 
able setting (or the drama of life. Onditiardy the amount prcwait k alxnii 
21 per cent hy volumer while approximately 78 per rem is fmc nitrogen, art 
inert gas which dilutes oxygen to livable prnporiions. 

Although the large amount of free nitrogen in the air plaj^, no direct 
part ill respiration, it is a moHt impirtoiu chemical eomjxuirnt of ihc pro¬ 
tein tiompounds that make up living matter. It not, however, available 
fur use as pmtopbuim-biiilcUng material in its ahumlani free form, but must 
undergo a sequence of chemical combinadons through the agenev of plant 
life before it can finally be incorporated in the animal btMiy, 

The tnixturr ul raygctl anil nitrogen which wc call air is isscntial lo 
lllc. It is said thai a dcig can live three moiiths wilhtnit food, three dayx 
W'ithuut water, but only three niinutts without air. Of all known orsanLsins 
only the extremely spcciali/ed group of anaerobic bacteria seem to be able 
to live without the oxygen of the air, and even they obtain it by the chem¬ 
ical hreak-iip of their own liodily structure. 

Although the aimosphcric envelope Ls enormously cxtmsivT in every 
3 ^ 21 
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outward iiirectKm, iht only pari of it occupied by lining tlijngs^ b egmpar- 
aiii'cly the tuerol fihti in thiikiic±%i wheir fjie aimortpherc emtio in cun- 
Laci with the solid earth. The greatest \ cTtieai tlisrAoce from the Hcniosphcrie 
floor reached by any organ L^n has beat attained b%' modem hum an avtaiurSa 
who in firder to outstrip soaring birds have had to indude m ibcir cqiiipmcnl 
a -supplenientajry supply of stored oxygen. The exceptional altiiu^ici gained 
by human pkmrers of tiie air iniiM tic regarded ^ trif;lgnfficani in extent 
when compared with ihe distanecs involved in the horLEontal exploration 
Ilf the earlJt a wirfjiee. 

Trohahl) dghty per cent of all blown animals breatlie /ree ^nV, Thl^ 
categon^ me hides mxinniials, birds, reptiles, many ampTiihiatis, some fishes, 
the great fmicmity of tracheate arthropods, l>esidcs ecftain gastropods 
among ihe moHusks, and some annehtfe. Strietly. howet-xn no animal 
liieaLhes *'frcc air/" since a water film is necrssaiy for rvery resphatary 
surface In ihc minority In numerable aquatic invertebrates, fishes, and per- 
eimihrancldato amphibians habjtoaJJy breathe air that hns been diisotval 
in , that tft, air which occupies the invisible mtcnfike^ Ikiwcco mole¬ 
cules of water. Some animals, for example whales and pulmonatc snails, 
live habitually in water but come periodiraliy to the Mirface for free air, 
while a few extxpiiunal land animals* such as the terresiria} i^^ppnds and 
land cralis* Sitill irtaiu at an obvious disadvantage the primitive aquatic 
method of taking air in water by keeping their gilb all hough they 

have dcsirrte^l water as a mctlium in which 10 live. 

Since ihere k considerably iiiore oxygen tu free air than is dkyiUxd in 
water, free-air breiither^ in general exhibit mote energy than aquatir forms, 
hviiig :Ls they do in u more favurabte teipiratfirj- rnvrironmeiiL A& a malter 
of cunipiarison water coniain^ fiv‘e lo ^eveu ctibic rcntsmeieni of oxygen 
jtcr liters figwing frcdi waler* six lo eight cubic ccntimeiei's: and free air 
uvxr 2D0 Gubic ccntimcleni per liter, 

2. Tlic Exchange rd Gaws 

When the Derlaratinn of independenee was signed no one fcnrw ihat 
life proiesstis are due to a form of slow combustion^ dependent iifM:3n a 
curtqjoneni in air called axyf^en, Ijivoisicr made din. dear for ihe first time 
ill 1777* In 17y4 he wav guiHurined by his- iinappredative lellow entmtry- 
nicn as “one of the enemies of (he country." Thus poLiilcs dominsitis 
.sdciicc. 

”rht exchange of gaMa wliidt we term "*lirrathjng“ h primarily a physi¬ 
cal rallicr than a bioliigical plieiiometuin. The Liking in uf oxygrn h a 
priH w Ilf pafsive liilTusiun iliLd censes via soon as thr oxygen wiihio the 
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cdU concerned babni^es wilh (hit* nulaide. As result of lakmg m oxvgerij 
ibiiurs 5IJT yiQvvIy broken down, whiJe llic energ}- used to build them up is 
released, much us *"siqred sunshine"" from pbmts of the Carboniferous Per¬ 
iod is recovered in the roim of hrat energy whenever these fossik which 
we call are burned under a draft of air* In both burning coal and 

living body the mosl conspicuous prodiurt of eombustiiin is carhitn dhxidi. 
Tlik is given off directly, suice it am as a poisuii when retained. In fact 
the rctnnvaJ of carbnn dioxide is so urgent u matter that no animal can 
'‘hold its breatJt'^ very lung without l>euig compelled by an iinperative 
stimiiliLs quite beytmd jis control, to remime breathing niovements. This 
powerful stimulus, which insures the continuous w^orking of the mechanism 
of leHpirainmt k due to an excess of earty^n dioxide in the blood acting 
upon a reflex center in the meduUa of the brain. 

Unlike focjd^ neiiiicr the carbon dioxide of metabolism nor the 
{ixvjinm cif the air can be stored within the body, Cunscqucnlly^ although 
ration can be reduced to a minimum dming times of exceptional in¬ 
activity, it canuf^t entirely cease diijing life^ a fact that distinguishes a hving 
mrrg^’^roducmg organbm Irtmi dead things, 

Respiration, with telcfttii'e to carbon diuxidc^ is an excretor)^ function, 
for In the iimintcriancc of life ii scents to be of iimre rmp>rtance to get rid 
of this deadening gas tlum to acquire more oxy gen, alliiougli the two pnK- 
essta go hand in hand and are hn.ith indispensable. Aquatic nnimaU are 
easily killed in carbonized water, even when oxygm is present in siifricjeui 
amount for breatJiing. The e^xcrecory phaxc of reKpinition is clearly dem¬ 
onstrated by the fact that hydrogen .sulphide, "mjecled into the blood, la 
eliminated through the lungs, 

PhvsioIagiiiA thstingulfili between cxUtnd .imi ittUrtiid respiration, 
'rhe fomicr is roncerned with the gascou^^ rxehange of oxygen and carbon 
(Loxidt hetwc-eii blond and air. The latter has lit do with the essential trans¬ 
fer helwein bkv>d and other tisiiues, or iihiniaLr cells ul the boily, tbitt 
cciiistilLitcA the cfTeaive part of respiration, and bnnes aboixi the rclcjtse 
uf enoT^y characterisJic of life, Tbe distijictiGii Ijetwt-en external and in- 
lemal fi^piratton disappears In xtnall animab which have nol elaboratett 
a rirciiLitoiy sj-htem, ihe triiiLvrer of gnsa taking place directly through the 
imdiffrrentinted suiface of the organism in contact with iL^ aimossphcric 
cTivIrDi linen L 

‘i, TTm' r^ntiaU Fctr Any Ri-^pinitiin’ Drvici' 

[n order to ulilizr die oxvfjcn of llic air, ajiy living mtdmniam that Im-j 
rvulved far rnough to tuve a tmr (■in;iiIiitDTy e^^ttrin mitst nieei the fol- 


Huf Rdeuse of Energy jSj 

lowiiiR conditidns: (I) ihe blood that to rrcejve ox>geD mmx be sepa¬ 
rated frcini tile air by a retaining cdliilar wall; i 2 i the wall must lie sufTs- 
ciently peinteablc to permit eiy»y of griscs; \ 'i} the uall tiiList be kept 

moist in order to pcittiii thinness and pcrmcabjHiy ^vithoul drying up upon 
cxixwurr: (4) the total walb or respiratory surfaces must be rjctrtisiw 
enough in area to insure ;in adequate uimo&is of oxygen for thr c^rganbm 
concerned: and (5) ii cummt of fresb air must he madt! to pasa repeatedly 
or contiTUinLii^Iy atroif^ tJie respiratory surface. These conditions arc met in 
a ’vwieiy of wap by diffci’ent auimak. 

4. DiiTertmt Kintb of Respiratory Mecltnnknis 

In the mure primitive atptatk fonos^ illflusc breathing through the sur¬ 
face of the ixidy preted*^ localized breathing through specific respiratory 
organs* suili as ^ilL^ or lungs, although fxUh metlidds may be cm ployed 
jirnuUsncously, as in amphibians^ DiffiiKe breaLhlug is a ilcfitled handicap, 
however, since the neccssanly delicate inicgument in animals that employ 
this nicihod h nut only suliject tcj rncchanical Injuries, but its posj^e^r 
must ranaitl under water in order to escape the dkastrouit 
cfTer.Ls of exposure to drying air. 

*nie two most auccc??ful hrrsithing mecliamsms amutig 
terrestrial animals arc tracheal iubss and /iirtgj. "1 racheal 
tubes, w^hicli have been elaborated by the gm-^t special¬ 
ized hwt nf insects, comiht CTmtially of rainifymg luljes 
of iTiiurned inlcgumcru that admit air tu the immediate 
ticighboi'hood of Ltic blood within the body cavity 
{Fig. 315 . 

Lungs are air sacs in indmatc proximity to vascular 
networks^ with daboratr rmidiliLatlons for increasing the 
respiratory surfarc without harmful exptwure U) the Ucsie- 
caiing effects of the outside air. 

In addition to the jddn, and lungs of verte- 

bratesy the tracheal tubci of Insects, and thr monr 
primitive ecioplj^mic devices of protoToans* a musront 
of rc;aptralorj' iuveutioiis wouhl be bound to con Lain a long airay of de¬ 
vices that different nirmbcjx of the animal kingdom uw in iMilvuig the 
uiii^^ersal biological prribleni of gas exchange^ To cite only a few of the 
more familiar of fflese devices among iiivcrtcbrales there may l>e mentioned 
the <iif?orrt/ UntucUs of xtarfiahes; the r^jpiFdi/^ry ire# .safe w-tihiit ihr di¬ 
gestive cavity of the mud-iiiliabiting sea cucumbers; the curious respirutory 
isf nitifcrs; the m/eijnwirni at the sinuously waving annelids i rhe 
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cKpiimive mufiih uf TnullmSuf; and the compact lung-bj&oh of spiders. 
ArnoEi^ vertebrates may be added the rcinarkahic respiMiory tail of the 
goggle-eyed Periophihiilmiis of the Indo-Pacific mangrove swamp, a fish 

diat can remain for liours out on lAiid with only 
its hif^hly vascular tad submerged in water* 
Finally tlicrc is an AntUlean frog, Hyhd^s^ mar- 
whkli undergoes its entire melamorpho- 
sis witliin the egg, likewise accomplbhitig breath¬ 
ing dining this eiitical perltid by means of a 
broad respiratnry alUntoii^ike tail. 

It tniiiit nat be forgotten,, moreover, that in all 
reptiles, biids, and mammals* the attantois^ Is 
pmvided as a temporars^ breathing organ duruig embryonic life. This highly 
vascnlar device for gas exchange is absorbed hehne hatching in die case of 
reptiles attd birds, and in mammals h\mi at birth with the placenta. 

The lungless salamandcfit which swaUow air have a pharynigtf^sopka- 
gtiil network that acts as an accessory respirator) contrivance to supple¬ 
ment die integument and gilbi while the larv^a of die South Anaerican toad 



Fig. 3lG- BrajirMng re^ 
gpiratory barhulca of the 
lana of an African to^dp 
AWff/ilU. (Alter Blesi.} 



Xenopu^ \ Fig, 'MG), a kind of hUgumeniary chin whisk£Ts which, 

accortiing to Dies, are respiratory In function. 

Certain DsheSp Callk'hihys, llyptutamiUf Dorasj 
MisguTnur, and Cobitis^ breathe h) means of a mucu* 
lor rectum^ allemalely suckhig in and squirting out 
water through the anus. Turtles in similar fashion iiti- 
liKe a pur of lateral cioacat £a€S with capillary^ 
w'alb. 

The air-breathing labvTinthinr Eshoi, PalyfanihuSf 
O^phrotftenm^ Trichogaster^ AtairopoduSf Opkioctr^ 
phalus, Clurias^ and the East Indian Llimblitg pertbt 
d i;Fig. 317 11 have a pertiliar enlargement of 

the gill cavity, behind the cyr^ and dor^il to the first 
and second gill arches, in w^Iuch poctet-like space 
iherr is a much fcilde<1 vasailarstruciurr^ the lohyiinth^ 
that meets aU ihc rrquiremrrit'i of a TespiratOry orgun, 
under thr difficult cuudidons uf mveloping mutL 

’Fhe glimniering Hying fisiies, Exoc&etes^ that enliven tlie surface of 
tropical waters, may *'hold their breath" for the brief intervnb during 
wfiirh they forsake the water, ^ince theJr gills do not jfccin to be nipple- 
mrnted by any peculiar additional breathing orgHJiiSp although maisi gilb 
for a brief tune in air would be admirable breathing organs. 


Fh5. 317- Thp gOh 
<if ibr cliuibitiiif ptJfcE 
rxp^»s^d Ut 
dufw hftw they urc 
pmciisctl limriiih the 

4 >pcrcLitimi w ;i!f its Im- 
kcpl Jmm iJryln^ up 
during ihc e?ccuneion^ 
mil of waier whidi 
this ctiriaus fiMb 
nukbei. (Alter Hilz^ 
hrlrnrr,) 




Tftt' Release of Erwrgv 3^7 

The Jtwrni bladder nf fehes, as well as the actessory air laci tjf hirJi 
and of fonif! replilrs, which will be marc fully described lalcTj are both 
special devices connected with the function of respirautjti. 


II. GILLS 

The prfhblcmatical anccsTral vertebrates, ampliifjxns itnd ihr tunicatcit, 
tlial an: largely sedentary in habit, obtain their micnisicopic food thiou;jh 
ciliary action by creating a cuirent tif water which Hows into the mouth. 
Since the current of water also contaiios ovygeti essential to respiration, it 
is obvious that respinnoiy organs placnl in its pathway will be most favor¬ 
ably located for obtaining oxygen. Gilh, hin^, tmd even more uneomtnon 
respiratory devices, such as swim hbdden: in hUies .nid phim ngti^jphageal 
capillaries in luiigle-B saLimaiidcra, therefore, arc found coloiiidng at the 
^Ulterior end of the alimentary canal. There is in fact an iuiimatc rehxb'ati- 
ship between the respiratory organs of vertebrates and the antcriar end of 
the digestive tube. 

Originally perhaps the entire digestive tube shared in the nrspiratory 
functiuii, ai suggested in tlie rectal hreaihing cif ceitiiia fishes. Surely in 
ampliJoxus as much as the anterior hall of tlie tube Is concerned with res¬ 
piration [Fig. 13), In most vertebrates, however, the apparatus for breath¬ 
ing is Tiitire restricted, although still closely connected with the pharyngeal 
reigion, 

Atjualic vcncbrates like fishes have a series of paired lateral openings, 
the gitlditi, in die .sides of the phary nx, making possible a dual disposal of 
the water taken into the month. This can cither pzss strsught an through 
the esophagus to the siomach and intestine, in which case its food dontejU 
%% utilized, or it can stream out ihmugh the parthole-hke gill slits, when the 
oxygen diat it contains a traiesferred to the delicate respiratory fftb, or 
bfanehiite. han^dng suspended within the space of the gill slits. Iti this w^iy 
both respiration and alimentation are clTecicd. 

Beiwccij the gill slits, embedded in the walk of the pharynx, are (fkd- 
rtal parts of the splanchnocranium that lorm the ^tif archfij which furnish 
support for the \'a.<ndar gills. 

During the early embrytmic development of all vertebrates, a series of 
intcj-nal pockets, or tihaTmgeid frofiehes {Fig. SIAa)* push omwarel from 
the sido 4 of the phmynx. 'lliese are lined wdlh the sanlc sort of endodcrmal 
tissue found throughniit the alnnrntary canal. 

ATeoiiwhile on the outside, correspmdlng InHetltatiuns or drpr™ifiru in 
the ectoderm, called ntaertd furrmvs l ig. Jlflui, ftuikc an appearance. 
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l^ter thf: pouches and the fiittow^ niccl, separated only by a tliin sheet 
<jf tissne tvhidi in fches brtjiks through to form the vis^^ral clsfih or ^ll 
jlits (tig- Sliici)* thus completing the pasajge-wa) freun the phaiyaigcal 
cavity to the ouedde. 

In addition, aluiig the margntR nl die clcfni, delicate thin-walled evagl- 
nations conUihiuig capillaries dcvelup as filtjmtntst which are the rssen- 
dal orguns of respiration, tach gill septum, or wall beuveen successive vis¬ 
ceral defts, together w tih ilJ cf the rdumejits uu both of its surfaces makes 
up a hoiobrant h^ or gtlL 



Fig+ 3l8i- DiagriUTLB Si3 Iflusiraie The forniauon cf ihc gili slit^ Aj eiirly 
iiagc the ouTpcpctc-tings nf tV phiifTfiut ihjit form ibe phuyngenl 

pniache^; % ifiirririciliiite *i£tgr, iliniwbuj kTtiii.iiJi.Tt nf viACcml fumm'i bj' 
ijipu.%hiiigT! tjf tile c4.iiJilErtii| c, litlET Bt-iEc, h} ivb'Lch puuckcf anrl f urrmi-i 
lia\'e Jiict and formed p>jfl 5 age-vva>H. or gilt slitJij frtsin the phaiyux to tiic 
Dusiide. tAhiir Ifyinan.: 

'rhe number of pairs uf gill ajiis from ftiurteen m the c>'dcistome 

Edi'Hostoma polytrernc^ of the Pacific to only cnitf pair, between the 

third and fourth gi!! archeSp in certain salamanders. 

The rtimpliCiiled hinntlii.il ba^kctwnrk of tunlcitta^ (Tig. 10 1 forms a 
remarkable exception, as weii as the sixty ur more piiiis ol gillslitx in the 
elongated pharymx of ampfuoxus (Fig. I'S)- 

Among TcpUlrjk birdi, and mant[ri.ab gill slits Jn mX nnmtally break 
through, althriugh hfjiii poudies and furrows occur in tlic ctnbry'O. When¬ 
ever a pharyngeal fistula, as occaHionafly reported in medical Iltrratufe^ 
iums up in a human lidag. tlic cotupumtive anatnmtrt^ if not himself the 
[xjssftsth'r of the strange onottialyj ia delighted with this rcimndcr of past 
liistory. 
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Tnvrrtebrair Gilk 

The gilli of rnvmcbnitci are nol with plmnngcfkl gill slits, 

:is in vertebrates, for there are no gill slits presen r. Gills may be located any¬ 
where along the oyLside of the body within ea^y access of the water-. For 
e^amplCj in Erec-swimmiiig anneli^is, snch as lar^c leiiiUke para- 

podia] appendages extending along either side of the body function as 
“gills,^* In mud-rlwTlIing or tuljc-irthahidng annelids gilb wdien present 
crowd togcibcT in hcauiifnl feathery tufts at the exposed antcritir end, srini’c 
they w^iuld Ik! at a disadvantage buried within the tube or the mud borrows 
The ciliary of LimclIibranch mnhusks are ctincenied primarily 

Avith directing a stream of minTfifopic fuod tLmard the mouth opening, 
and they arc of doubtful rtspimiorv service, tJih function being performed 
instead by the expanded surface of the *'man tie*” 

Tiir itwracif gitU nl crustaceans and the fibdomina! gith of larv^al aqua¬ 
tic insects are smiplv tbiu feathery^ expanaonfi of tlic ciikinous exoskeicton, 
enclosing tracheal Utl>c 3 w^hich in this way extend outside of the body miher 
than being turned inside, as in land tradieates. 

2. PrimitiAT Gills c>f Aitiphioxus and Tunicates 

The fact thar luuicaics are enveloped in a thick nuit-i^piratory cellu¬ 
lose tunic makes necessary' an enlarged pharyngeal Ixisket^ that ftirtm a 
respiratory^ ^tnictiur often exceeding in size ull the other orgam of the body* 
The tunicate Pkiillunn 1 Fig, 10)^ for exanipk, has a branchial basket per¬ 
forated with several hundred gill slit^, while the ghostly transparent Ap- 
pmditiularia, which arc microscopic lunicates without a ceUultsc ni;mtle 
and consequently with grtairr capacity for diflusc integomental breathing, 
posses only a ringic pair of gill ditSw 

Amphiosus h chameterked by an exceprioiially genemus niimbrr of 
gill slits, and these arc bordeicd by 11 at primitive vascular that pix:- 

sents much less nspiratory surface Lhan h commnn to the rnoru ekboi'ale 
gills of tiNhes iind araphibinrls. Nd expamyve gill nimueiilSj sui h as appear 
in higher aquatic vertebrates, are found hanging in the gill sIiKit so this 
ancestral animal is^ obllgtd to make up in number what it lucks Su area of 
individual gills, Hic entire pharyTigeal region b cnrinsed in an aifidl tinvity, 
m that the pharynx opens Indirectly to the outride ihcougb a single ’ixntral 
rtfri/j/ instead of directly thro ugh the gill llie w'allfi of tJiis atrial 
chamber protcer the deticaie gill surfaces from the sand in which aniphi- 
oxtis bnrmws^ while alloAving tlie unobstructed passage of w^aicr thrt'upli 
the gill slits. 
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Fig. 319. Dlui^iarnmiiiic cnroE^ 
frriktil l|ir<iiigh ihe rmlr^ityLc 
i>r Clat^tfUna^ ^lirjwinj^ giuikJn- 
[sif w^{^h :utt\ i!£UJir> bflndft in 
the groove. (Alter heekjjLT. )■ 


Since tlie num^'rous gill sl its of bnth arnpbbx.us and The tun kales in^ 
the hazard of ilie escape of (t>od Ltirou|;h them* the deselopmcnt 
of a device for directing bits of food pasi these lateral operiinip to the 

esophagus is necessary^ The apparatus nr- 
camplishkig this md ctjiisisils of two ciliated 
glandular fpi>nvcs^ ihe ventral t^ndoiiyU^ 

319), and the dorsal epibranchiiMl gr&oue, in 
which food particles l^ccome collected to¬ 
gether Intw a sort of mncnLis rope that spins 
along continuously into the gullet, l-ater in 
vertebrate evolution., when ihr endoslyle is 
no longer needed for thr purpose ol cnllccl- 
Ing and slccrinj^ food, this pharvngeal groove 
bccomcf Lnmsfurmed into die fhyroid j^land 
vviifi an entirely different functino^ 

*1 he student of comparative anatomy often finds tlnngn- like this in the 
morphological junk pile, that have hccomc utilized for purposes cntirciv 
different Imm thcjse to whiiJi tlicy were liriginally pul* 

3* Cyck»&t<ime Gtlls 

The arrangement of gilb in cydostomes b somewhat differeiii from 
that in typical fishes. In Pfimmy^i^n a fonvard extcnsiDn of the esophagus 
fiUtns a partition fjctween thr alimcniary and 
rcspiralory parts of thr pharyn^t, Icawig the 
Ijranchial apparatus jn a blind pocket ventral 
til the esophagus [Fig, 320j. Water in itjj pas¬ 
sage over thr gilb coreurqucnfly may 
through the anterior gill slits [nstead of the 
itiouth, which is frequently otiierwise otcu-* 
pied Oil account of the iiuiional habits nf these 
animals. l*hc gill slits are also modified by the 
narrowi ng uf each end of I hr \Tsceral cleft st> 
that the fitameiii^ areencloM^iJ m a rounded kic 
with a slender duct leading to it fr<im the 
phaiynx and anoilicr from it to tiic stiiraee of 
I hr Itody 321 Since the gills are lo¬ 

cated in these porkclSa cycle istomcs arc fre¬ 
quently irferrcd to as Marsip^fminrhtf mran- 
ing ‘‘pouched gilb.” in this group difTermi spcriir? of Ihiethitom^x have rrnm 
ten cri founrrn pvkm of gill slits; Petromyzan, eight embryouk pairs but only 



Fig, 320 . Diagmni i 3 f the re- 

Unkm uf die r^plijiprii 4MiJ 
rcuph'^n'rjr tr^ic:! Jii (a 
aJjd in In] Priromy^iTi^ 
biAackuLl daet; Lsaphjgiis; 
f* ihyrcijd gliind, (Alter Kin^s- 
Icj'.) 
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£e%-en in die ^dult; atid Alfxine^ six pniis, with niU the external pass^ige-way^ 
fin each side of the body imitbig into a common canal opening by a slngk 
pore to the outsndc ^Fig. 321 n). 



Fi|^. 321* qF ihuc he^^ds of [a] Bdt^Uaitoma nml ^s) Kfyxinr^ 

I>GiiiaI vidirti |KsttIy difSecOrd to iht^w ^rrufigenietit ol gdk (Altet Dcati,) 

4, J'llajiinobnuirh and Hnlcicrphalan GiJb 

Gills of elasniohranch hshes are lateral in position in sharks and dog¬ 
fishes hilt ventral in the flattened skates and mys. They open independently 
l(> tilt ijiit£;ide and are separated from each other tiot only by skeletal gill 
arrJicsof cartilage, but also by primitive partitions attached to these ardies* 
called bT<incki£iI septa, on either side of whicJi ]& Iciratcd a of filaments, 
or demibranch* A septum and its two dcmibraiiehs together make up a 
gitl^ or htsiobfan^^L Along the inntr margins of tlie gill archo jot finger- 
like projections, the gilt rakerSf which not only keep food front entering the 
riits but alw aid m directing it along the straight and narrow esophageal 
path in which it should go ( I'ig- 322 a)- 

The mmt anterior pair of the pharyngeal portholes Tn elajsin«>bninclis, 
beiwctm ilu^ mandibtdar ajid the hyolJ arches, develops into the 
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not far posterior to tiie eyes in petition. The walls of the spiracles are not 
provided w'itb true giUs, but iu some eaitcs may support, on one side at least, 
a “fafcc gill/* or pfeudobreinck, rjillcd because its blood supply i& net 
derived directly like that of true gills from an afTcreni branchial artery 
iMLaring "impure” blood, but fruni the efferent branchial artery of the fol¬ 
lowing gill aieh wliicli, liaviug already given up Us load of carbon diuKide 
and taken Ul oxygen, carries "pure” blood. 




G4ll Svpiwni 
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!I22^ Rf^liiLin^ nf ^illi tn [jt:Lrfe[:hi.dl eliijmfjl>r^iir;h, with 

loDK giKl stfptii; B, telco^t, without g:i]l ^epta, (After Schlmkcwltscii.] 


In tKJtttim^fecdin^ skates and rays thr spiracles open dorsally iiifilfiLd of 
venmrlly as the other phaiynp^cal gill sliu do. They air tii^ulp therefore^ in 
tkdcijig Lhc water of liisplmllcm into Lite branctiiul cavity when the moiith 
is frthix^viM;: riceijpicd grubbing for food in ibe niutL No doubl sharks aitcf 
clogfobcss w-hich swim nbout freely and gracefuEy in wattr^ likewise use 
llic: spiracles upon occusinii, insttr.id of tJic rnoLitli, as an accesson* poit 
fif entry for the water of mpiniikm. The mb slurk^ Cfir^hariait and the 
maekerel shark, IrOnina, aie withriut spiracles. 

Th<! priniitivc shiirk^ fffjrtiinchus^ has seven pairs of gUl slitii, and the 
frilled rJiaik, ChtiAmyilmthchu^^ as well as Hexanchus^ six pairs, while For 
iTicjst cliL^obrancfis the typkaj number* aside from rhe spiracdcs* is five 
piiifs, Ofj rach Fue c of rarh njiil slit, except the posterior side of the last slit* 
there h si detnibrajirh, luakiug a total oF nine pairs of dcinibraiichs in a 
ibih widi five paiT^ of slits. 
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Certain lanal dasmobranchs which undci^o considerable development 
within the rggshdl before hatching have i^dll filamerits long that they 
hang out of the gil! sJits as tcmporEiry “extcrtial gitK' (Fig. 323). Thc$c 
unusual structures may Acrve uai only for respiration but aho as absorbing 
organs in connection with the cncirmous yulk^ pjicsent iu these eggs. 



F%. 323i Embrjttttjc “fisticnml of do^ik. (Aficr SchiinlfiewiiiieSj-i 

The ho1or;cplialaji&, or strange elephant fishes which have mudi in com- 
TDon with diJLsmobranehSj possess only four pints of gill slits and are further 
JilTcrcntiated from them by an ojteTi:ulum- i'his is a ilap of the imcgmiient 
tievdoped un rithcT mlr and extending back* 
ward from the margin of the hyoid arch^ iinlil 
it covers the exEemal openings of the three 
anterior pairs of gill fllits leaving only the last 
pair open directly to the outside after the 
ehismohranch fashion. Possibly the forcriinner 
ii\ ihuv opercular flap h seen in the elasmt^ 
branch, Chf^imjd&s^lof.knSt where the skin on 
the anleiiDr margin of each giU slit extends gUI dit. t Af ter Schunkewitsckl 
barkwjifd as it ^mall independent protective 

fold covering the opening of each gill slh separately (Fig. .324). a feauirr 
which ghes Cklamydofdis^hui the conirnpn name of ‘^frilled shark.” 

5, Ganoid and Tdeosi Gills 

Tlic gill system of ganoids in mtnc w'a>3 represents a cormccting link 
iTtrOiVcen that of das(nuhraneh.v and iclrosf fidies. Mmi Choadmstei still 
have nine pairs of demibranr.hs but nearly all Holostei Iccse ilie most anterior 
pair drat they are limUed to eight pairs of dcmibranchs, i.e., four pairb 
of rottipkie gills. In all Irony fRihes the gilb are covered by an operculum 
that is stiffened by flat skclcml plates between the twn surfaces of folded 
iritegumrnt. Otitsidc and anterior lO the operculum on either side* there is 
a dcgcTicfatc spiracle in some of tire ganoids, while on the inner surface of 
ihr operculum there is attached a small operrular gdl whidi is not liomcil- 
ugiius either with true gilb f>r with the pseudobraiiclis of the hyoid arth. 



Fig. 324. A priinithre 
Chtiiffrydvirhrhui, wntiJi aa ex¬ 
ternal flap for eacL separate 
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The mterbrandiial septa in ganoids are red uc eel so that the demibranelm 
plaerd upon them bark to back are no longer in pa rate individual chum- 
bui occupy a common branchial caviiy^ 1 Fig. 325c:). The reduction 
of the interbraiichml septa beenmta cuttipJeLc in telcml fishes, ^ that the 
gills all lie compacted closely together tn a comman 1 haniber covered by 
ihe opcixulutn (Fig^H 322 h and 325 e). 



A H c b I 

Fh;, 32 !ii Tlir pmgrcsaivr reduction gill in difFcncnt fsthei. daimo- 
brunch; b, liEiluccplinlari; 41^ u iiii!d I, uitepmc iAlter 


Tlic numljef ni gill arches in both ganoids and ideo^ is usually four 
or five paifs^ aitbmigh they may be redijcesl 10 tlire^^ or even iwo pairs in 
some of the bony fishes. Spiraelrs itre not charueterislTC of leleosia- 

Tlie opercular opening becomes 
much lUminhhcd in such fbhe^ na 
cels, which are thus enabled to 
retain water in the brandmi cham¬ 
ber tmtler unfavnrahlc cimditiom- 
Probably the immediaic reason 
wliy fi&hcB fufTocatc when removciJ 
from Ji water cnvlrriimienl k not 
bccaxisc the gills dry up at once 
-Efferent Arlery vifjih a eolkpse of the capijkrie^ jjt 


Afferent 

Artery 



Cepillofiei ia 
Gill Filament 


7 -—-Gill Arch 


Fig. 32&. Structure of a typist nil], thsw- 
llif blood CATict Cuvier.) 


tile gilJ filaments^ hut hccause when 
out of water the gills adhere to 
each other, leaving the c?rpo^ibIr 
rapimlury surface reduced beyond 
the danger point. 

The structure of a t\"pieal telcost gilh ^ith ii^ relatively great expanse 
of respiratory strrfacc within a BmaU conipa^is, and the artangrtnent of its 
capillanrs arc intlicatrci in Fig. 326. 
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111 ganoids, and tcicosts there ate additional deWceSp besides the oper¬ 
cular lid, for proiecut^^ ihc delicate gills. Along die posterior and ventral 
tiiargins uf the opertriiliim bc:)nnd tlie part fttifTened by the flat opercular 
bones* a bordering fringelikc (lap is sometimei^ drvdoped, wltii h is a up- 
ported by fanlike skdrul elemental^ die bimchi&stegai r/ty^, that help in cem- 
tmlling die pitiisage of waier mi of the bt ainrhial cavity. 

On the inner pharyngeal side uf the gill sbts also there are pvt^mt in 
varying degree, a scrle^i uf Miff comblike projections along du- inner margins 
of die gill arches, the gitt takers. 



Fig. 327. Exii-rnnf gjUs in a Jarvai stage of (Alter Kor.) 

EHpncian GHls 

Of the three genera nf Ihing limgfehes thai arc fnimd Tespeettvely in 
.Australia^ South America^ and Africa, jVeoreratodus has four pahs of gills, 
Lepldoiiren^ three, and I^roiQpiertiS, two. Spiracles are present in the 
E^mbrycH of these Eshes, aldiough not 
ill the adiili!^^ In addition to the 
pharv'ngeaJ gills comnion n> thb 
groupp four pairs of supplemental 
ttur external gills of the pinnate 
{pinna, feather j type are present in 
the larval stages of Lepidanr^n and 
Frot(*pUTm (Fig, 327), 

7* Amphibian Gilh 

The external gills of amphibians 
are attached as capillary- dciours 
upon the aortie hmp^ in ^ucli a way 
that hlnod can go either dircelly 
around the vascular loop or rouud- 
alxiut through the gilb [Fig. 32S) . Thk is quite different from the arrange¬ 
ment of the iritcntal ol lishfis, which cfTci^ no alttTnatisT for the cinzy- 
lating blood except to pa.^ throuirh the gilb thcs™c!ves. 


liTTh^rnalni 

Corofid 


flfcinchicil 



Gilli 

SroTM^heal 


PHoiynK 

Fig* 32ft Sei‘tmn through brachial fv~ 
giCHi of a G riiia of Rdit,t 

liioH^iti^ viueidjjr kNO|^. in ritetiml grEli iiiul 
siiEiBionioBiH bet wttn iiffcrrnl utid effemu 
broiicEuiil (.4ftcr hliUtirtr.) 
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As camparTrd with internal giUs. extemaJ gills are only weakly n^upportcd 
by a skdetaJ fr me work , and although aJiv^y^ prcirnt during the tudpok 
jftages of arnphibiaus, tlicy persLsj thnotighout life only in ihr penmnibran- 
(Jiiatc urodeles, as the name mdicates. Such cxicmal gills oceiir in the larv^al 
forms u| a few for example, in ihe dipjiiiam as aheady meiitkined, in 

tJie ritTrilagiiitiiis ganoids, Fotyplffrus and Cfilatnaickthys, and in the tcleusis* 
Cynjiiiirchm and Hngratis. 

Tlic iiroiJele amphihiasis have been separated into three groups accord^ 
iiig to tile charaedT of iheir gills, as follower (1) PeTenjubrnnehiata^ retain¬ 
ing boih gills and giU sHfcs throughout lifc^ (2j Derotr£ma£a, losing gills 
and ah the gill slks exeepi one pniir; and (3) Afy^todera^ or true sab- 
mandere, having neither gills nor gill slits when adulL 

Alihgugh perennibranrhiat^ preserve tlirniighout life thejr tadpoledikc 
external gilb witli two or three pain? of gill slits, tlitsr. pharyugeal opctxinj^ 
are no longer useful for their origin^] purpose, since the water of respiration 
doCA not p3^ ihrous^h the pharynx. Instead a fresh supply of dissolved 
oxygeu is hrougliL into eonULt with the gill hLnnent^ as die gUk wave to 
iind fro in the ^valrr^ by means of muscles attached to tlie base of each gUL 
Five jmm of gill pouchejj form embryonkalty in the pharyngeal cavity, but 
ilie fust and the fifth no lunger break through. iVeriufUs and Pr&teta belong 
in this group. 

In derptreiTics only the ptill slit beiwrrTi the third and the fourtfi giU 
arches becomes complete, while the external gilb vanish during larval lift* 

A m /jf kiuma, branck ur, 

and Siren axe derotremes. 

The myctuderc ^alarnandej^,. 
as well as froj^ and (oadsi. have 
no giU filiis^ alihough embryonic 
pntuhes and (uitdwk dc^-clup. 
The temporary external gills of 
ilicsc fotmfe arc ^acririecd with 
Uit devtlupinent fif pulmonan 
and cutaneous ti^plracion* The 
newts and true saianiandera., in¬ 
ducing dm and Triton^ 

arc myemdercs. 

The external gills of frog lad- 
pnles become enclosed during mctamorphfisb by a fold nf the skin without 
dcctrtal suppon, while die protective pcribranehml chamber thus formed 
miially has a single opeiung to flic oiuside, more rarely two, m lit Pi pa and 



320'* Ritrmiil leafljLr uilh of 4 Inival 
C4i£ellljiti, LVftcr 1 \ &. F, Sarniij],/ 
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Xenopui, crniTH^pondin^ physiologically to ttie atrial pore iij the periJ>Tan- 
chial chamber of attjphioxus (Fig. 13). 

Oqc of iJjc tropical limbtesa amphibians, Catctiuif is cjtceptiona], having 
larc-ai external gj|k of peailiar crtiniplcii leafltJsc stTncture, with a rejativdy 
large respiratory surface (Fig. 329J. 

8, Gill Stmcrtiins in Land Vertebrates 

The persistence of brandila] remains in land forms, that have no i»sc 
for giliii even in embryoiuc life, is striking evidence of the coiimioti ancestry 
of all vertehmtes. 

Although glib an? never present in reptiles, birds, or mammab, there are 
five pairs of cmbrvnnir viseerai pouches and fiiTTouvs in reptiles and mant* 
nials and four pain in birds. Ordiiinjily these break through only brielly 
ill rrprijis and birds but not at all in most mammals. Only the anleriorntost, 
or hyomandibular, pair remaiua well developed in adult mammaLv, The 
hyumanrlibular fxiut hev tieromc the Etatachintl tubes and the mtddlg eat 
r/i:dt\\ which ordinarily remain separated by the eur drum from the ejctemal 
ear canal, derived from the ectodermal furrows (Fig. 693). 

III. SWIM BLADDlia 

A suim bladder, or rnr btaddet. is found in most fishes. Tt is a derivative 
of the anterior region of the digestive tube and. II not primarily respiratory 
in function, is at Iciisl found in suspi- 
4‘inus intimacy with respiratory organs. 

Located doisally in the body cavity 
just outside of the peritoneum under 
the vertebral column ( Fig. 330), ii is 
ortUnarily a single elongated struc¬ 
ture, although it may be bifurcateti trr 
paired, as for example in Ftilyptrrws 
and Calamaickthys anions ganoitfa and in the Kwelirish, Sphacteides, the 
curioua headiuh, Mota, and the ica robin, Prianatus, amoug (rlmsts. 

Gfeat variation in the shajte, form, mid aize nf the mvim bkuidrr is con¬ 
nected with Its hydrostatir funclion, as well as with variation in the center 
of gravity in different shaped Cshes. 

In amphinxiu, cycloslomes, clajnnnbrianebs and a few of the hitther 
fishes, parti rub riy bottom-fcedcfs and doep-sca forms, tin? swim bladder is 
uhseiiL, The flatfishes i Picuronertidae 'i pnssiis} a swim bladder only in early 
life during the pcritMl when they' maintain .'i vertical position. As they tip 



Hg. 334. Locution of theitwim bladder. 
[After Nrsw.} 



Bjo/o^' of VertebratM^ 

uvcr <^ii oiic side in tlie coune of drvTlopirn^it and assume tliclr laz>' adult 
habit tif life, the swim btadde^r degenerates. 

Pishis which poHsi:!i.s s^wim bladders in the adult form may be divided 
Into rw'D gmiipsi aecordiiig to the nharactcr of ihr Mvim hiadder^ naruelyp 
the PFiVSOSrTOMT, havln.^ a pneumafk dud leading from the swim bbtldcr 
tu the alimejitar>' tract; and the i^tiysoci.istc having the outlet duct closed 
or atJTjjihiciL To i-he firsi gmop hclong the bony ganoids, the dipnaaji:^ and 
The soft-toyed tekt^sis. In the latter group arc TOciuded all the spiny-rayed 
flditi. 

The pkiLcrel, £s<^.v, represents a simplr typs of phvisastomons fish having 
a single sac for a swim bladder, with a pneuruntie duet at the anirrior ettd 
opening into the rsopbagus -If'ig 331a) - In some leihrs the single swim 
Jtiadder is made wp of two cDiniccting sacs (Fig* 331 ii . 


PneuinoHc 0 utt SwTm 

fied Glend ftlndd^r 



A. PICKffiCL a. CARP C EEL 

Fig- 33 h <3f mim blaiJtltr?, The cd die postcth'ir 

djLimber romiing by llic ^ubrgeTiinit of tJin pncumiitic duil. {Afirr 
Trjcy/} 


In physoelistous fishes^ upon the degenemtion of the pnenmatie dnrt^ 
the swim hbdder hccqmes a closed sne having two chomheni jicpamted by 
a partition dimugb which there b a ^phinctcr-lihe dpeiiing^ regulated in size 
by both circular and mdiating muscles similar in arningmicut to those in 
the iris of the eye* The posUnor ch’fimbfi Is formed by an enlargement of 
Uic pneumatic duct that is no lunger needed for its original funetloii. "iliis 
b quite apparent in the eel, AnguiUtK a physostomnus Jisli un the verge of 
becoming physoclistous, in which the duct h caught in the vny act of 
enJargement into a separate chamber (Fig- 331c U The fnrmatmn of the 
piM^terior thamber by the cidargement of the pnepmatii: duet lias been 
tlc^irly indicaicd by Trary- in a scris of diairrains bie^ed iipfin wax ircnn- 
sinictium of serial scctiuiis, showing stages in tlic dev elopment of ihr swum 
hladder iti ihc pijteftsk Sipkix^himu Fig. 33^)i. Thr manner in which the 
anlmor chttmbfir k produced by the forward grow^tb of the budtting ^swim 
bladder lieu* also been demou^micd by Tracy hi tlic early stages of the toad- 
fish, f 'p.Taiift# i Fig. 3H3 , which biti' devrlf^ps a typical closed swim hbd- 
dtr+ With the same three htstcilogical layers of tbair that chanictcrize the 
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A B C 

Re- 3S2. DiErgrarm to fhrrw ihr fe^rmstioni of the fuMtcritir chninbcr 
of I lie Mw\m bladder froni ihc pncucnatii: duct in the pipeluh^ ^iphu* 
jtoffia. A, at the time of the release of the htrL-a from ihc hrood Md; 

ttuiiip nl pticufiialid dtiet groirtiiig baekvii-ard to form D-jhaped tube; 

€, piteiimittitr duet otpmnded to fprtii peifllrnor chani1»cf^ {Aficr Tmcy,} 

alimentnry traei Irotn vrhich It was derived^ shown in seedon in Figure 
333r. 

An [mportant modification in the epithrhnl lining of the anterior eh am¬ 
ber of the swim bladder results In a stmemre unique among anlma) ttssnes^ 
tJic reif whii:b produeea free nxygeii (O^:) by the reduction of oxyv 

haemoglobin Lti the ted bltKud eorpu^cleiS wdieii brought into dose contact 
with fiecreting epithelial cells. No other ghind is capahk of isolating pure 
molecular oxygen. As Tower iia* demnnKimteti^ this oxygen constitutes a 
large part of the gas that div^tends the $wim bladder* 



Fic- 333. DiaiifraitK of die early in the fdrjnanon of the closed 

siAfm bladder iu the u^^adfiiht Opjanv^^ f.d.* Ih^r duct; rtWJ.c+j mif^ior 
thamber; p,c., poiterior ehitnibcr. i Aficr Tr*cy.]f 

ExecJR gas produced by the red gland escapes through the pneumatic 
duct In all phyaostamou* fishes. Since the two-chambered swim bladders 
of physf]clistoiis fishes ha^e the red ghind located in ihr antrrinr chamber^ 
the meLhanlstn lor iht rerno\Tit of excess gas is of necessity different fiom 
that in fishes with a pneumatic duct. The enUre posterior chamber k lined 
wiih a diin epithcUimi beneath which k a capillary nctwnri, the rei^ mira- 
bil^, through which excess gas generated in the red gland absorbed diircily 
into the blood. By enlarging the opening m the partiUoji between the cham¬ 
bers. more gas is admitted lo the posterioi chamber for dbpcsal through the 
bli-XKJ, vvhfli: by restricting it, ihc gns k retained. In thh way the degree of 
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dlstciiiion of Lhe s.'wim bladder is automatically regulated by the interacdon 
of the red f^huid mid ihc ttir nJirnbilc. 

A further modiiication of the dex^d swim bbdder sonvetimes appears, 
for cxinopk in (he squeleague, CynQsdoH (Fig, when tlic posterior 

chiinilxr with the rete niiraLbile be- 
comes flaiceoed almost to oblitera- 
dcin mid h designated a^ the ovaL 
TTiere are varioiwi uses for the 
swim bladder m Gsiics, Although 
primarily respiratury^ h has become 
m most irertariccB a hydr^staiuf or¬ 
gan^ or for the purpose of 

TTiaintanujig aeerutin level in water 
w'Sihout muscular effort. When its 
guscDUS tronfent is iucrea^tb ^hc 
fish rises to tugher levds^ or if di- 



Fig, 354 % QriArd wSirl bladder of nqiie^ 
reagucj tiniwing Oval, the re- 

(turetl pciHtefanr fthjiTiil^rr. (After I’racy,] 


r^luli^^h^-^j, .sinks deeper in tlie water* By shifting ihe volume of gas from 
one cjul ijf die swim bbdder tu the other througJi mtPSCuLir rompressioii, 
changes iri ihe lenier of bahince in the Injdy aiwi occur, which enable the 
fteh to make a ^Tirirty nf oiovements easily at the same level. 

In some fishes, particularly Sjlurpitb, CvprhioidSj and Gymnoti^ anterior 
prolongiitimifl of die -iwim liLidthir are pm<ririt that come into intimate reb- 
tinti with the inner ear either directly or tlircjugh a chain of bonesi derived 
from parts of Uie ilrsi three vcricbrac, forming thesn-ralled IfVtcr*; <trgan^ 
VariaiioTv in the dirtientiou of the jiwim bladder are cnnveycd to-the inner 
car by means of lliis tlevice, thai probably bc 13 as^ rcgulatorv^ sense organ 
either afler tlie fashioji of a Tnanntneter or a barometer* Whether W^eber^s 


OTgun aids hi any way t\A an organ of hearing is doubtfuL 

Another use If^r tlic swim bbdder is that of Fejj&iVaffhn* for w^hich reason 
Its descripliun Is included in the present fhapter^, Tbifi funrllon applies par- 
ticybriy to lungEshes, whose swim bladder bee runes iJv'robr inside tike The 
lungjt of amphibians and ihe tower reptiles. tH?ing ustially pairied as well as 
taking OIL all ihc i^^iitijl features of rimplr Umgs* It irvxn dtriveSp after the 
Fasliion of ttih! Iimgs^ a supply of vieTirnis hlcitiri Imm tlie f-is^ pair of aortic 
IfKips, whereas che typical hydrostatic sfw'im bladder receive arterial hlfj^^id 
fmly* .am! gives off venous blixsd. llir $vvjm hjgaddrr of iungfishes, ihcrvlnte, 
apparoitly h ^ mnfc effii lent breathing organ than the primitive lungs ol 
the pcrcnnibranchijitr urodcles^ 

A third incidental use tjf the swim bladder is the pr^ducihif^ of soufid, 
Dnim i ScMcntdae ■, “gniTiic?rs^* i Hacmnlnnidae), and a few other 
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forniE, such as the seii-p 3 bin, Prionoiust and the toadikh^ Ops^nm^ are 
except ion aJ noise-producers in a. mad cst w'ay amon^ the othe™ ^ mostly 
silent bffJtlierhLUid vt fishes. Ac-cording to Tower^ nbri has carefully investi¬ 
gated the niatlcr, die chief source of the dnrmmmg noise in drum lidics 
the coTiiraciiQn of a ""drumtrdng mu^^de/* muscutus sonificus [Fig. 335)^ 
which, being supertidalLy attnchcij Uj the 
sHini bladder, **proi!iic€s a vibradou □£ the 
abdominal Walls and orgajTS, and espe- 
taally of the swim bbddcr^" D, S, Jordan 
sa>'5 that the “grunting'^ df the Haemu- 
Irmidac is causKl '"by forcing air from part 
to part of the coniplcK s\\\tn bladder.” 


IV. IX7SGS 
1. Geiinml Plan 

Lungs are (he typical breathing orgam 
of the higher vprtdirates. Pk;^iiiili^gictitty 
thrv‘ represent an apparatus interposed lie- 
Uveen the two pails of a double heart and 
in wiuch air and blo<»d ate brought lo- 
gethcT- Mcfrpkohgically they consist of a 
much elaborated respiratory surface of 
maximum i^xpostue withm a miniimim 
spare, togedter with a s^'stem of non- 
collapsible passage-ways for admitting air 
from the outside^ that passes over these 
respiratory surfaces in judniate juxtaposi¬ 
tion with caplfhmcft* 

Thr paAsagc-way?* (0 the lungs begin 



Swim Bbdder 


FIk. 335. Swim bbdder of mah 
jquclt^g^rp Cynflj^rioK. Thp doa- 
tiir muscuftti sunifinit i$ ihpWTi 
Ixilcnilb' dhplacrd. I’hr crntral 
triiiJiin of |ji€ DiLUdiJai 
liti free in tlit luid-dnrs^ fine just 
ahovp tlw fwim fibdder and below 
dir kiflnrys. The double tmi’MTEiIttt 
«4inifii:m b liiirtti’d Inlcnlly ill tbc 
rauiiuoi] fi!3)r^ji of the reelai abdo- 
iTiEnls muscle, and by Jti! contuic- 
tLon m euinirriirin willi ihe dis* 
triidcd fwim hEudder gives rise to 
t)ir liruainiljig Mnaid. (.\ftcr 
Tfjcy.) 


either with the nasal chamber or Qrat catf* 
ity\ leading througJi the pharynx to the traciicaf and hronckioUst 

and eventUMlly reachmg the innumerable temiinal ah-catar merthat constitute 
die true respSrarnr>' area where the gaseous exthangic of respiration h cfrcirti-d. 

Cjilb Imve one place for the intake of the ostygEn-rnntaining water (the 
niDUth) and another for the oittgo (gill sIiLh) »so that the rcspjrntory proces¬ 
sion is continuous. Jn animals with lungs the same pari Ls employed for die 
cntr>' and departure of oxygen-cnntainmg air, with the result that inspira¬ 
tion and expiration bcLomc altemadng prorcstes. 

It is esiLmaicd shm m man the respiratory jilveolar surface enmeshed tn 


^02 Bra^og;y of the Vertebrates 

Liitpillarie makes a total cxp^me of a hundred times the area of ihc enlirr 
skin, or, if inflated into a single aac, one that would form a balioon ton feet 
in dliirneter, yet ihh t^tlensh c rtnjtturc is packed away in a rtladwly small 
spatej thr cotUoui' of wMch i$ determined largdy by neij^hboring organs and 
pcncfal fnnn of the thxiy^ 

Alveoli in eon tact with capillanc^ are Imed with thin pa^Tnirnt cpithc- 
iiiim, hut ihc tmihca. bronchi, and in part the brojichiolcsf leadjiig la the 
atvc<>li* are lined with ciliated cells, ihe acih»iiy of which, so long as they 
tenia in inoLst, tatds to keep liie air paf^ges free from dust and other foreign 
iiitnifcions* 



Kir, LUGl Tlic lun^t in itie tlidocle ravilt. a. *itr expired lit’ raltcLi diuphr^gm 
and ci»inprcg^cl Tiii^; ik, uir drawn in bv fowE^ml duphiuRni Liiid 
eTpiirid€d ribs. 

'Ilic lungs as a whtilc are highly elastic and, although enrapjqil^l in f 
douhlr pleural itar in llic higher vertebrates, are freely movable within the 
sai l except ill the psint of their attaclmicnt near the bsi^ of the bronchi 
(Fiji. 3:36)* Here ihey ai^e joined by the trachea, n stalklike tube t onncrthig 
with ihr pharyn?^, and are pmelralcd by the pulmnnary artery anti vein 
which hiH>k up with the head and the dri.TiIaiory apparatu^t. OlherwiEe the 
lungs arc free and unattached, thus enabling tbeni to glide eai^jly over the 
innrr surface of the thumx with every bnrath wliile rdling ail the avalbbte 
spares. 

The whole apparatus, which somewhat resembles m furm n compound 
iscbarroits gland, might be rxmpaird to a luxuriaiH tn;c, aitirrly holloiv m 
all it^ y^iirni, that has been pulled up by the roots and crow^ded Lop fiirst into 
u bag. llip rooi njgion corresponds tu the nasal chamlier, ihn oral cavity^ 
and thr pharyTixj the main tniiik of the tree to tbr trachea; the larger 
hranebesi to the bronchi that sulxlividr into lessei' branches and iwigs^ or 
brunchiotes, tcrnunalifig bi thr leafy foliage, or alvr.olj^ that are cR>wded 
t'>getbcf in sudi a way to iKcupy aU avaibblt space within the envelop¬ 
ing sac, OF pleufal envelope. 
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Air Passages 

(<t) Nasa] dmuilirr anrl Plia ryii_iL—m trance to I he puJifiy aar>' 
systtjti Lh usually through the air-conditioiiing nasal cAami^irr (Fig, 2521^ 
aJlhoagh ]ji higher iTitebrates the oril easily may also ser^'c in ewier- 
geiicy as an enLmnce, The tisisal chamber is lined vnih a mucous mem¬ 
brane, known as the membrane. The tissue beneath this lining^ 

layer h richly 5upplit.<1 with capillaries, thus providing mniEture and a cer¬ 
tain tiegrec cd warmth for incoming air. A muistened surface is funher 
insured by the fact that the lacrimal duels, from Llic constantly fiperating 
leuT gli0^d^ in the hi my orbib of the cyea, drain into ihLs chamber. "The 
dlLited rdb of the Sthnciderian membrane mamtairt a continuous flow of 
mucus, and adhering panicles of foreign matter, from die nasal cavity into 
Uic oropharynx. 

Tile walb of the nasal chamber are variously enlarged in different ver¬ 
tebrates by scroJblikc iurtymaie bones^ which not only increase the moisi 
vascular surfiice, hut abi> prevent an efisy entrance of undesirable objei ts by 
making rhe pjtssage-way tortuous. This latter purpese is abo fimlicred by a 
hiresr* mure or less dense, of outward-projecting liaim guarding the 
entrances, or msstrib, of the na^al chamheni. Thb part of the air pjtssagrA b 
cleared of utidesirabk ac^ umuladatii* by “blowing the nose.** Man b the 
only mainmal that performs this feat in any way acceptable to Ins neighfiors. 

ib) Irauhea.—From I he nasal cavity air passes back thnmgh tlir 
nasaphatpix to the (jropharyn^^ where ii tro??^ fhe food route on the way 
to the esophagus, thence entering the traciiea through a si It-like oprniiig, 
the glotiis. 

The trachea^ or **windpipe/* b a rigid tubcj t^ry ^hort in frogs and tnacb 
wfuisc luniks are far anterior in llic body cavity, h ts sonicwliut longer hut 
still insignificant tn the uTXHlrlm. In lizards it b rrlativTly shorter th.m fn 
other Tcptilcs, although unmistakably present, while in turtles and croco- 
dilist il is frcquciitly so bng that it becomes convoluted or even spintl u: 
form. Tlie lengthened trachea in thr cheloriiam i^ an accommodaijcin tu tlie 
accordion-llkc movements of the head and neck. 

Birds wirii kmg necks arc of course provided with a long trachea* but 
frequeiitty the trachea b even longer than the neck itself, that it camtot 
remain Straight but loops about. In swoons these extra Ifjops aio stored w^kh'n 
the hollow breasthunc (Ftg. 337)* while in some birds they lie coiled nndrr 
the ^k^Tl, or may rwn extend iniu ihr kidy cavity* Extra Jong tracheae make 
it pmrible for their possessors to stretch out the nock without palling rh? 
lungs out **by the roots.'^ 


Riofcgj' of the VertebTates 

UsualJy ilie windpipe b neatly cylindrical, Hui sxmieiimes, as In die little 
vocal wall Urards, or “geckos," anti also certain ducks, it may show a bulb- 
like enlargement that acts as a resonance sac when air is cjipelietl. 

In manimaiv the tradiea is pnicikally straight, with a length directly 
dependent upon that oi the neck, except ui the three-toed iblh, lirddypus^ 
whose trachea is so elongated (hat it extends down as lar as the diaphragni 
and back before entering the lungs. It will be remembered that the upside- 
down sloth, while hanging from the limits of cropicid trees, feeds lu/ily upon 
leaves without sciatnhling about, It therefore has a very sttclchiihlc neck. 



Hg. M7. Ttuthci of swm, cinhcdded in ultranjiu (Afier Sdiim- 
krwiudi.) 

At all timex the clastic w'alls of the trachea itre kept mechanically dis¬ 
tended for the passage of air by encircling ritiga of cartilage, resembling the 
metal rings embedded: in a garden hasc to give it flexibility and durabiEty, 
and at the same time to keep it urtrollapsed and open. In the case of mam-^ 
malf ilicsc skeletal tracheal rings arc usu,ally incomplete on the dorsal side, 
that is, on tlie side liahlc to press against the esophagus that lies parallel to 
it, thus mmimbJng die “cordvrroy road" effetl dial might otherwise br 
encountered by a bolus of food wiien swallow'cd. 

Among reptiles, blnis, and pimriped tnammaJi. the tracheal ring^ are 
entire, W'hlle ertaecans present the unusual Case of tracheal rin^ incotnplcle 
on the vailml father llian tiic dnreal side. 

Camels and giraffes arc nuttworthy id having upwards of one hundred 
stparalc tracheal rings, ;snd whales and sca*ccws in having these skeletal 
stnicturcj spirally arranged. 

Although u-sunlly of hyaline cartilage, tracheal rings become bony in the 
pvthon Agarrtd, and also in many birds. 


Tite of Ettfrrg)' jfOy 

HmiichL—The trachea muaUy branches into two bronehi, thnl 
re&emble it in stnjrtiiie with the exception of being smaller m sh^ and in 
having weaker skeletal rings. 

There are thn,^ bronchi In certain ruminants- pigs, and whales^ but in 
mnst snakes, with the degcncraiion of one lung ^ an ttccorruiiCKlaucin to the 
cxtraDrdiiiariiy elongated shape of the body, there remains only one 
bronchua* 

(rf) BroinJihjJes.—BronchioleSp which continue and midtiply the ak 
from the bronchi ha\c only limited cattllaginDtis supports which 
arc in the form of rings, Thesns: Auppons become progress! v'cly smaller, and 
the murous cdb tif the linings of the brrmchjolc:t fewer, until both are com¬ 
pletely alj2fcent from terminal hmm.Jiioka- The kttei' serve simply as ducts 
leading the way imu the ulumate air chambers, or alvcoUj in which res pi- 
ratinn DConm. 

In mammals generaJly the broncliifTles arise like the twi^ of a tree and 
diverge from each othcr^ but in crocodiles and birds they run together, 
forming mterctmimnnicaiing It^op instead of terminal twigs;, from the sides 
of which alveoli are girai off. 
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Tig* 33 B. niagranii lihowirag Tcl^tiou of capillary, carrying blood, to 
[iIvcoIlu. coiiLilmm; iilr^ 


(e) AlvetfU.—The alveolar ,sac£, or the rf^piralorj^ part of the whole 
sv-stem of air parage-are hemisphcricsd enlargements at the ends nf 
the broiichiolca. They have exceedingly thin delicate highly cbistic walls 
over the ouOiide nl wJiich^ like vinca over a trcllk, extends a ctcflcly woven 
m^e of capillaries {f ig. 33fl ;k Ii is fatlmatcd that in a pair of human lungs 
there may be morv rhsm sLx million of these dny chambfui, sill In ultiinate 
comniunicadtm with die outside atmosphere through the air-passages which 
unite in the trachea. 

Hie amount of air admitted to the alveoli is automatically rqculated by 
means of ncrvic endingSi the headquarters* of which arc located in the 
medulla of the brain. 'Iliesc rimT cnditigs are inserted into liny ruffs of 
circular muscle fibers that cncircJc the walb of the inmimcndile brcmchiolcp, 
taiiriiig them ro fOiistrirt or relax, as occasion demands. 
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3* Phybgcny 

Tilt: phykigtiiy of the luiiirs is a stor>" of internal inodification for Lli4^ 
in crease and rflicjcncy oJ thr trspiralon. ^iurface^ and abif> for adaptalicn IQ 
ihv Jiimpc of llic bridy. Tlir sioriiig ul for cxaniplt:, wuhin the hody 

(if a squat toad, a Ijtlic cal, a capacious cow* a bo^ turtle, or iin elongated 
Miake, presents ill each ittstanee a lilfTr.renL problem, 

{ti) Dipununs.—A transitirm between the iivStii bladder and true Juiiga 
h found in the dipriouns whkh^ akhough not ancestraJ to tJie land vertex 
bnilcs^ show imuiv ol the featuics probably posscisstic) by the anceslors of the 
latter. Duriii^^ the aeslivaiicm of ihrH: Jmig-lkhr^ the gilb arc fjnt USird ffjr 
respiratory' pnrpw^, but instead brujicbes of the sixth arirtie ItKjps, tlie ptil- 
mtsttan.' artcrhis^ bring ^’ctious or ^^iinpure" blood to the swim bLadJer, 
vvlilch dien riinction^ as a limg+ Pidmanary veins re- 
Oirrv the blcwd to the left side of the auricle* Felyfr- 
£^rus and Atma are the only otiier iislics with similar 
pulmonary arteries but their veins send ihe blood iiitn 
the sinus vencKtus^ 

111 the lung or swim bladder a 

single wide sac, resembling the swim bladder of phy- 
sostomous fish^, bin in Prf}ti?pterux and Ltpidofin^n^ 
the sac is fadobed, its inner surface being increased 
soniew'Jiiit by coarse spongy alveolar slnicture. 

fbi Amphibians*—Amphibians in genera! carry 
on the polmomir)^ plan of the dipnoans although the 
primitive Imigik of pcrciTTiihranchs are less elaborated 
than those of the lungfishes. Tl]Lt hmg$ of A^tfCturyj 
(Fig* 339), for insiance, are two Jong simpk sacft, 
eiinieshed tm tlie outride by arterial and v^ioiis 
capillaries and opening directly through a si it I ike 
glottic without the inteivcntkm of eitftcr trachea or branchL Hie junrr 
'lUrface is not increased h\ foldSi 'rhe wbulc appaiata^^ resernbling a pair of 
enlarged elongated alvi:olai Is probably more hydrusiiitic tlian respira- 
usry in funciian- 

Atttphittmti gnrs a i^lcp fiiithcr^ in tliat the pmximal half of ttjch lung 
luis the in^iidc suiiiwr icinsiilcrably increased by the ebiboration of fulds. 

Owuig to (hr form of ibcir bodies, frngs and have more Rphrriral 

lungf^ than ^alamandcni. Tin; fnldt wiiiiin die frog's litngs extend fixun the 
inner ivalts in such a way to divide ihe entire cavity into marginal stall- 
like Hpjtes or compartmenis, iJl optmng freely hiio a commoTi central 



Fig- 3311. Vim (rat riew 
the hiTi|;v af AV^ra- 
diDwin^ armuge^ 
meat uf bluud 
ill! them, i After Mlilet.) 
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cavi^Yi Tlic double vf aih of tlie * ^stalls/* forrned by the in^^agination of the 
outside lAalL eAch cajrry a capillary Dch^cyrk which iniireasca the available 
blocid supply over tlie surface of the lungs (Fig, 340), In toails the Stulls 
become partially shut off from Uic central cavity of the limg by right angle 
additions along the mner margin of the partition walls, so that a secondary 
iiiicmal wdJ ii furmed that is perforated on all sid^ wkh openings between 
the central cavity and the aLr chambexs, or stalls, which resemble semi- 
private luncheon mches around the margin ol a common dining room. 



Mudpuppy 


Toad 

Fig. 540. Dla^ranw to *liow the evolution of lun^ sinjilutr. Hit plan 
of the lunif of Sfihitniition may he rejjarded aj lihe a chisicr of tnwd** 
[un^; ui mm the jilligator'i lun^ to ay bo tDiuiderccl .u earn posed of 
STTtrai l utiy of the sphttiudon type. 


The very primitive tracheal aiid bmnchlnl tulies of amphibians enter the 
lungs at thr extreme anterior rod. Witli aii increased development of the 
anterior pan oj tht lungs, tbo bronchi acquirr a more lateral entrance in 
higher loitna. 

As a rtsull of a migraton' invasiem into tlie body catlty. the luni^ of 
.imphitaam liecomc invested on the outside by a Angle layer of periumeum, 
which is pushed ahead of them into the bcnJy cavity during dewlopmem. 
'I'hey til) not, therefore, have a separate pleural cavity of their own. but 
instead lie fieely in a common laidy cavity'. 

Usually the Idt lung in amphibians is largrT than the right one, tun in 
tropical Icglfs ftinrut (Apodal the reverse is true, as the left lung is rtidi- 
mentary. Some salamanders, for c.vamplc Eurytea and Salantanilnnit. are 
lunglesi, respiration being accomplished through the iiitegimicnl and (hi- 
biiLCU-pharyngeal cpi I helium. 







of llw 

KcptiLni.—Integiimrnlal lifCiidiijii^ b ^llniinated in reptiles, whose 
lungs, sJscj ;^lvln mtn:vl in. posiiinn, are miiih saeetdaled svithin ntid whf«^ 
tnirfieu Md bronchi arc developed into definite struciures. The air-tninsfcr- 
ring jjassagc-ivitys anij the air-absnrbiug piechanLsm of Uie limga are liis- 
linrtly diffcrcniiated in reptiles. 

The primilive New Zealand lizard, Spkenodt^n^ has ^ipongy that 

mighi l>e comparetl tp a cluster of lungs lilse thijsc nf a Load, opening into 
a common passage, or atrium 1 Kig, J40), while tlie lungs nf crocodiles go 
a step further in elahomLioii, corresponding to a iHiiiquet 
of Sphefunton lungs placet! logetbrrj I he aim of which 
now' open into ix totntnon bronclnis, 

Jri snakes the left lung u-suallv tjecottics ahaitetb only 
the right king remaining to occupy the iiam>w quarters 
that are available^ Boa iioiistrktors and pythons arc the 
mmi ancestral m this r^pcct, having bith kings present 
with I he lel't one somewhat slinrtcr thau the right.. 

The diffcrenl lt!vel>i [jf the bn^ single lung of the 
snake are unequally elaborated, recapiliilaltng from dis¬ 
tal tip to the entrance at the glottis ihe early phylogmy 
of vertebrate limits. Thrpi^ the distal tip is a smooth mc 
like the luiig of but advancing tow'ard the 

proxinmi or anterior end there develops a gradual evolu¬ 
tion of inu^mal foldsn at first resembling the tungs of 
AmpAiuma, and later the chanibcied fitruertire of the 
limp of frogs and toads. Findlyp at tlie ba^c, these cham- 
Fii;- 341. l ufuri ol beri liernmc compounded and open into an airimtt, MJg- 
ChariiAron, show- gesting the degree of complexiiv arrived at in the lung of 

PHE ™[.pk™n.^r]r spktnotion. 

;iir *sn. ;VrttT - i. , - * * 

Wicdrj^idoL) t.trlajn hzarcb. particularly (Fig. 34f ), 

have peculiar lungs wiLh £;acUkc diverticula, w'hich enable 
iliem to Kwclil up io a certain rstend a device mtd pcrhapjji ip frighten dieir 
cjicinira. The inflated kings of sea turtles^ on the other hand, probably serve 
as floats^ or life prcscrvrm, in maint&iuuig a pendUon at the fiurlai'e tlic 
water. 

(rf) Birds.—“rhr lungs of all modem birds arc highly modified bv the 
prtsettce of supptfrmrniary air sacs, edluiac which facilitate the cir¬ 

cular ion of air through the lungju, but iti diciiL'^clvcs are not tUiecily rrapira- 
tory in func tion, as shown hy the paTirity of rapiflariai over their surfaces. 

The bronchioles. Instead of ending blindly in ;ilv cohir form a syElem 
id rr^mmunic ating Intip^, and open e^entualU into the rwcrvtiirdikc air mg 
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Fig. 3^2, Diifii'iin of pejpirniciry of * bjid, lefMidi: sicw, (After 
GoLKlrich.) 


( Fi^, 342)* Siirrounding the smallest hmnrhioles and openirig into ihein are 
elaborate meshworks uf mlrtutc air tubule^ surmiindcd by r4ipilluric3^ so that 
thdr waDf serf€ as the actual respiratory surfaces (Fig. M3)- It is possible^ 
thiircfure, for the air to Iw dta^vn hack and forth entirely through the air 
Tubuks of the 'with gaseous e^cchange taking place hnyth on the way 

through the lungs to the air sacs as well as on the rcturii. The air in the 
lurtga of otlier animals is noTr entirely renewed with eath respiration, as in 
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Fij?, 343, DiitcTiTnrrtauc rhtri seed™ oF a *inM pfH'dnn nf p hlrriV 
\miis, msitii Kiibi^ed* Vmiluilrt yre pumlimuchkl rttit^mvhlngi iafi> 
>vhieh +nr-eapiltrtTir* Sparrji hrt!*crn 4jf-oi|iilt(iiies liavT an 

.nhiiTidrinr jupply himwl rnpiJIuxie^ (After Gc^ndrlciLl 
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hLrtkf since scmic «f ii regularly remains stagnated in the ah'robr ter- 
minals. 

Embrjonirally air sacs spnmi fiut from the Intigs at vHTimjs points and 
extend into the body cavity, occupyTiig spaces between the vbrera; beneath 
the gkin [Us pdicans) \ between the musseles, supporting and coniiective 
tissues: between and amimd the join is of the certital vertebrae; arid pare* 
trating even ialo the pneumatic cavities of the hollow btmts (Fig. 344), 



Air Sao 


Thoracic Air 


Rg. 3+4. Til* Jiii«ied nir ¥acs of a pigeon. >howin£ Iiow eenipietfily 
diey iH:ctipy nil ^linlliiiile (After ftlUllcrO 


The priniiijve Api^ryx of New Zealmid alone has mncli reduced air sacs 

thill do not cjiter the bcituw or pmclrati; die* tnneversc wptiiin to invade the 
body r+ivity* 

Although ihc air sacs <]f the bmT^ lung are nrrt suppltcd to any great 
extCTit with a capill^f) network., find cnii'icfjijeiitly [iTe not dirtrctly respira- 
ion iJi funriioti. yet they' have severaJ diflerent uses, acting as bellows, bal- 


































The Release of Energy 4 ^^ 

loons, ballast, friciion pads, iieat regulators, reservoirs, and resonance aids, 
to the wice. 

On account of the inehisticity of the bird’s lung, which is hampered Ijj 
freing ancUored fast to the dojsal wall of tlic ihoracit basket, some mcchuni- 
ral aid for effecting an cfTicient cimdatiou of aiir through the lungs beconii^ 
all die more necessary. Such a mfchajiism is supplied by air sacs acting as 
Mlaws, cnablmg the air to be forced haci mid forth entirely throngb the 
lungs proper. In the capacity of bttllootts. the air sacs when inflated cause 
the specific gravity of the bird to Im: lessened owitig to the intake and relcn- 
tlon «f heated air. Without this storage nf warmed air it would require 
considerably more tnuscular effort to susiaiii a IkkJv heavief than air in 
suspension for considiTablt periods of tinic. Possibly inflated air sacs may 
also by their liugor aiii mechanically in maiuLaliiing the wings In an 
extended position during soaring or volplaning. 

As bJlast die arrangement of the air satTS is such that a prfqjrr center of 
gravity may be established for hskmced llight, and equilibrium easily main¬ 
tained by sWfting the air content of the saca from one pari of the body tu 
iimilhrr. 

The insertion of air sacs like pfuU between the tnusdes lessens friclwn, 
thereby giving flexibility and grace to the aerial movements of bints. Because 
thev are fiUftl with warm moist air the air sacs help tn mtnttlatn and regu¬ 
late the body temperature, for the skhi of birds in the absence of cvaporaiing 

sweat is of little service for this purpose. 

.As cvntatrteri of reserve ah, the air sacs are iindmihtedly useful. The 
miistnlar mechanism by which a testing bird causes air to emer the lungs, 
like that of mammals, involves the altenmte clevatinn and depression of 
die breastbone Ihtoiigh the activity of the imercostai muscles, ft is necessary, 
however, during flight for the breastbone jmd the riitire thoracic basket to 
nrmam firm. In order to insure substaiiiiJ anrhomge of thr powerful flying 
muscles. Tfi do this the intercostal respiratory muscles are held in tension 
and arc for the tune being not pumping frcsli air into the lungs. Therefore, 
an mtcmal reservoir of air is indUpemuible, while the flying mnsdes wliich 
vrntilaii: the lungs bv acting upon air sacs as bellows uko contml respiratory 
movements during ftighi. 'Hir more rapid ihc flight, the greater the anio- 
madc supply of air drawn dimugh the lungs to and frem pnrumntir 
rhamltfre by the flight muscles. \^«lent action in mammals inlcrtrns will 
respiration, bnl with blrb it enhances it. Hiis ia why fast flying birds do no: 
"grt nut of breaib," or probably suffer from “mountain sickness” in the i\L* 
nf hifh altitudes because the necessary increased wing strokes bring in a 
comiiiisaton' suuply of rarefied air. Tlie frigate bird. Fresala, that eaailv 
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mairttains a rate of ont bundred niiliis an horn', has about [he best develop¬ 
ment of air sacs to be found in any bird- 

Tbe pnruniiilic- divcniLulii id thr lungs of Ckami^lfonf alrrady meti- 
Tinnrd (Fig, 1^41 und tliosc of odirr IixaRls may perhaps lie 

regarded as pruphetic of die air sat:^ uf birds, 

{e) Matnniab* The hmp of mammak arc ujuaHy rha-racteriJieti in 
TWO v^ays; Fioit, by being .‘^ul^dividcd externally into two lobes: ^d $ec:ondly, 

by sliuwinK some degree n\ imui- 
Artterror lobe . , . 

nietry' in accommodatiDn to sur¬ 
rounding organs. When asymmet¬ 
rical the Idbcs. are mote nnineruLLs 
on the right than on the left side- 
Thus., in man ''Fig. 345 there 
are tkm (ohen in the right lung 
and tivo in die left. The npprr- 
mmi odd lobe of tlie light lung 
lies behind the riglit pulmonary 
artery^ Hiide the absence of a cor- 
responding lobe on the left side 
permits the pr^ence of the large 
(eft aortic arch. 

Certain mamraals, as for example Cetacea, Sirmia, Pfoboscidca^ ITyra- 
coidea, ami mosi Priisw^dactyla, rescmhle other vertebrates in the absence 
of pulmonary lobes, while Alonotreinatu are transitional since they possess 
lotics otJy in I he right lung. 

The Umgs of ivhalcji, whirh are located oflier poatciioriy in the hulk of 
th(*sc seagoing lexiathanSp arc prohahly hydrostatic as well as respiratory In 
fuiictJon. Whales have a unique breathkig apparatus that enables them, 
during a plunge into the ocean depths, to rmprisou air in the capacious na&al 
rhamber whidj is several times larger than the brain case. In fact the nasal 
chamber occupies the major part of a wliale^s head and is capable of storing 
a genei'oiis supply nf air that would otherwise be forced out of the Jungs 
by [he cnormouji^ jmsaurc of the w ^ler The apertures leading from die nasal 
passages to the lungs can be shut off by two plugs of ti^ue w^hicli function 
like the sttjpper in a bathtubs As^ ihc air in the lungs liectmioK stale the plugs 
open long rnouKh to extrhajii^e the stale air with pure air in the nasa) rej^cr- 
vnir, and when the wliak fijiaJly conies to dir surface [he reservoir is emp- 
lird vvitli considerabir violence accompanied hy confined water vapori, caus¬ 
ing the esrited whalers who witness the performance lo f^houc, ‘^Thar she 
blows 


pDflt«rlpr Lobe 

right lung lbt lung 

Tii;, [.cilici of liiiToaii lucip. Outlines 

<if tlie Outer, or coaiat, ctitlACf. {After Toldrj 
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4^ Pleural Euvrtopcs 

The luiigs of higher venebratjes arc crtrlosed in compartmetits calleiJ 
pleural &c{3aralcd frani ihc abdomiijal ca^-tly which h the stonehouse 

of mo&i of the InieriiaJ arjpiUJSi, 

The c-^ablhhmejii in niainmab of cscliiSivcr chambers for ihc loog^ Ui^ 
brrn a gradual cvoludojiar^^ process. Tlie pTitnitivc lungs of amphibians 
push down into the general body cavity, carrying with them a tliin ccsverlng 
of serosa coniiniious with the pcritoticLim that lines this common cavity but 
without the fuimation of indepctidcnt pleural chamfws- 

In reptiles, along ^vith the lormatioii of a ii?/j^uni formed by 

the invasion of peritoneal folds and the assurance of privacy for the heart 
by the partitioning off of a pericardial chamber, there is fonned around the 
lungis 3 second cOAtrlopei, also derived frtim the peritoneal sercL<;a, dial con¬ 
stituted the outer* ur pariHulf wall of the pleural cavity (Fig. 336)^ Tlie 
inner^ or vheerut, wall is the original dcrivativx of the peritoneum already 
mentioned, and this indruntcly invests the tun^ Iskc a tight-fitting gartnent. 

The space betw-ern die parietal and visceral w'alh^ that is* the pleural 
Ciitfiij, is filled ivntb a serous lubricating fluid which allows freedom of 
movemeiit on the part of the octensiblc lungs within the pleural 

5. Orjgui yf thr I-imgs 

The luugs^ like the swim bladder, probably come from nidimmLarv" gill 
pouches. While the swim bladder w usujilly a dorsal outgrowth from the 
floor of the forepit, the evidence of lungs in man, which may be seen 
about the third week uf fetal life, a vrntra! groove on die flaor of the same 
region from which the bladder sprouts out darsally. As this groove 



Fig- 31(i. Earijr rfaSM sn rhe de\Tlcipnic?tU of lunga^ trzdiea, and hranehi 
of hnitiau ciTihryrtc Ventral vieivs. 4 mm rttihryu; 14 5 nun cnibiyo; 
f 4 7 mm rmtmT>: fl, ]0 lum. emfery&, (After Aicyi a, after GrTis¥er iind 
ITciss: c; iillrr flfilsr and Merkel,} „ 
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pufihc!» diaper down_ it lonns a single bud that soon becomes a hiinbed 
rcpre^iiuuing the futurr lungs [Fig 346)- Soon alter, a camn^on stem at duet 
b formed by a further outgrowth of ihr lung Thisis thr trarheu, ^huse 
appearance h followed by ihi- braiichintt bronchi, and Imi of aJJi by the 
ehibaTTUiem of subdiviaions within Lbe lung and die cstablishmenc of 
the alveoli. 

During the diffcrciUiatlon of the lung sacs tiie cudodermal lining invader 
the sinroLinding mc^oderm^ as shown bj 11 user in a §erics of iliuminaLing 
diagrams {Fig. 347}, with (be end resiuh that a maximum ^urfiiee of re¬ 
spirator) cndodermal tissue i* tjroughi into intimate coiitart, bant to back^ 
with vaAciilar mesodcmiaf tissue earning blood-filled aipiil a riea. 
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c 

Flu. Ml. Db^Tjm of the fortmtioit of the lanqi In tiirtlE^ a, iiitrjpiil- 
niciiuiry hternrhui wiih Mr\‘eni1 prbmiy alveolar rturiibrn ihv»ldiii^ the 
^uTTOirndrng mr*r<lfTTn: b, intn-rntdiAie a, ihe ^dnli l;□ndJtlafl^ Tlu? 
iihiinil»erc hnve h^ivijiiiir T^iilKfivtdrd \ma alvmU hy iji|£mwdi of iheir wall^. 

fediUEied lu piofitkiui Ixil^een liii! thamhcriv i AFtrT Maacx.) 


Human lungs assume dcfinici; jehape before die end of the third mEmth, 
afihciiigti thry do nut take *«i their fcspiraiury fniirtian long as tin- emhry- 
onir pberenta is actiw iiiid sune not entirely inflated for three or four days 
after birth. The alveoli are find dow-n by the seventh moiitli and dicreaiter 
inertly undergo nilargemenL 

V, DKMCES FOR 5FCURTNG AIR 

The pn:*riss of Ineathing demand‘d more than a rnechaniam that simply 
allows bloiKl and air to get togetlitt widiin fjfrmotic distance of each othen 












7’/ie Retecise of Energy _|j- 

sjtirc lh^:t^ must a bo be prcsiCiiL rncims for sccuriiig a continutjus ('irruladon 
o/ frtsh air acro^ ihc respiratory surfaces. 

1. Fkht^ 

In the case of submerged Evhes, ^ater charged with various gases, 
including the esseutial uxygat, entent dthcr the mouth or the spiraelrs and 
passiTi^ out through the gill slits, ll is foi"w.ardf:d and directed m its course, 
not ntily hy muscular movements which alternately expand and cptitract the 
walls of the orobraurhial chamber, but akii by a s>3tem of valves tlmt pfe- 
vents tlie water froiri going the wrejng way* 



Fijq* 3^8 f Diiigrairii [llijftTating the nkechaiiiim Lif rraphatian m tclroni. 
A, pbaac of infjrii-iiiltiii; «_ phjM of eApinibon; e, anlcrtor Vjcw of tlie 
innuth valvci. In a and n ihc iuncfiof pari (in front of bfcak tn wul) f4 
oraJ caviC)*} repriciili u voitical and thr poitciior part (in ihc 

virinity nf the gilltli ji leetkm. Arrow* imliiiatf durcttiriu «f 

water emtenf nrtfl titcmnc. and tlw^ paf^ing tliTuijgfi walU uf of^d cnvltjr 
diE Gipaiujou and wnJraction of the opercular apparatm. Tn a, tlie 
nspiratoTy Valves Cmiixiilan and luandllndaJj are opTfif and the 
hrancEiidfttrgak membranes rliocd In a, this mndltlnn n rrtTmcd. and 
Kk after DahlffTcii, from Saylr»f AMena^ /ar Catnpmmufr dnflttnmyv ropy- 
ri^lU ISSSp ii} pemiiwkFn ul The hltu-milLm Cnnipaiov puhlbher^* e, 
after Kii^jvtcyd 


Thr antfrior set of are coLlappible Mds ^hmg the mner edge 

of the tuouth openings thn?r of the upper edge being cidJerl tniixUIiiry\ and 
of the \nWMir, mfindibulut. They reach their greatest differentiation in telensi 
Ttvhes w'hiih haw a well-tie vr loped iipercnLar apparatus. ITie p3atcrh*r. nr 
set of arc membranes along the free margins of the 

opercular flaps (Fig. A freely moviiig currenr of water Is produced in 
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the loUowing way. First, the moxith renmns open as a narmw slir, whUe the 
anterior niaxillary^ and mandibular ■calves lie flat* nr opcii^ and the posterior 
branehiixsicgal vaJvca clnee. Next the v%'alls of llif orobranchia] rhamber 
spread apart by mnseular aetionr thus pulling water into the mouth to 
occupy Lhe increased space. Then the vjilves revei^e, that is the anterior onis 
ckise tlie shtllLe muiith aperture and thei posterior ones open the uperciilar 
slit, white the walls of the orobrandiLal ca\ity squcc7^ together, forcing the 
water backwatii over Uie gills and out of the opercular openings. 

In mtiit tclecfitfl^ particularly those that feed on microscopic plankton, 
the hraiichloategal valves play the rnajur role in ihb proces* but in others, 
for example the Percidae and the Sciaenidao, the opercular Haps take the 
mos{ prominent part* 


2. ,\mphibians 


,'Vmphibiai!s never breathe through tiir open month but jjistenJ iaspire 
air thniugh the nostrib and the as. the newly^^siahlished pas^iago- 

into the tiioutJi cavily are called. They are not even able lo exercise 
cmrrgtmiy breathing through (he mouili^ as rnarnmals do, for aa long as the 
mouth remains open there h no w^y to compel the air to enter the lung?. 

^\cclurtis and other perennibranchiatc umdeles sometimes come 10 the 
surface of the water and gulp air thnjugh the mouth, wbirh may ^a^on be 
^ieeii escaping irt the form of bubbles thnrugh the gUl silts, although it h 
dcnjhtfiil ^vhether murh fsf it reaches the lungs. Thifl occasional air-g^ilpmg 
lirhavior does not furnish frcsli air for the external gilb that hang outside 

the gill sliis, since by mcan^ of irniM:les 
that cause tliein to wave back and 
forth- tlicse auitnals obtain their supply 
of oxygen dissolved in the watcr^ 

Ube intake of air In die frog^ which 
may be taken as :i representative of 
the amirans, is arromplished by a mm*- 
bination of pumplike ihir^^at muscles 
and nr^tril valves Tljg. 349 li will be seen that when the nostril v’alves 


op«n 





Fi?. 34*K 
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open in the miuiuer of lids and the thmat muscles drnw^ down, the oral 
cavity within is enlarged and air b necessarily inhaled. With the closure of 
the nostril valves and the iiotiiracLlon of the throat musclerf^^ the lungs aulo 
maiically become filled hy the inotithfiil of air that b feured backward- The 
expiration of air alternates with Inhalation and is accf}mplbhed by means 
of tlw conrraetinn of hsMly muscles. 


The Kiit^rg)* 


4^? 


3. Rrptilr^ 

Tht problem of getdrig siir into the limgs of reptiles Is much like chat in 
the case of amphibians^ altiiough impravemeot is seen since ribs auel 
rib mitselcs furnish a mechanieai means for .idntitting air that is not present 
in the practically ribless amphibians. This improvement, however^ Is inef- 
(cclivc in tuTtles, who$c ribs (orm a boT^like armor of imcompmmisiua^ rig¬ 
idity* Tlicsc nfiiniaU still resort to the am¬ 
phibian mrlhoct of utilbeing threat muscleK 
and nostril valves^ swallowing the air by 
‘Vorking the thront/"No doubt the in-and- 
out TDOvanents of the turtk^s head and 
jiecl aid in pumping air into the lungv 
nliilc llic peoloral miisdes^ which are iraide 
of the rihs in these biziirre reptiles instead 
Lif Gutriile 35 in other vcrtchnacs^ are 
aided by the ahdnminal nitiscJea in bring¬ 
ing about the expulsion of air from the 
lung5.Tlte nsefulricw of rib muscles In 
pumping air in and out of tiic lungs 15 
very apparent: in the paining snak€5;p liz¬ 
ards, anti a]1ig3[or?w 

The latter have an except a on ally don- 
gated uaJHaJ pjussage-w ay whh a curtain* or 
rWunip that clows oJT the inner choanal 
openings from the mouth caviti'.. This device makes it po^iblc for the iilli- 
gaitir to breathe with the mouth open under water while holding ihe dtxswn- 
ing prey between the tiatctnous jaws, only the rip of thr snout wdtb ihc 
fFpenings of the external narcs being absHc the water line (Fig* 350)♦ 

4^ Birrb 

So long as a bird is not in flight it breathes by means of rib miiwlrs 
after the typical reptilian manner. When a bird flics^ however, as already 
cxphiijicd, die piwcrftd pectoral muscles, on which flight depends, require 
anfl secure anchornge upon :i tipd thoracic basket that docs noi change 
shape with every breath* The bdlow^like air sacs, whlcli are fitted and 
emptied by the action of the Hying muscles rather than the rib muscles^ fur¬ 
nish an cffecijv'e means for irriguling the lungs of a flying bird with 
while the macti\e rib mnsetes remain Temporarily (bced and rigid. 



Fig. 350- 'Di;iifrani to show n^splnv 
tur)' {dEittrd; In an aEliga^ 

tnr- Et ItMli ti> Uift behind 

ii lljfiEikc t'eiam 111 the back part vf 
the inoiLth cavity* wbirh f?uabk« ibr 
to breathe under water and 
ill the ^ine time to dmwn lU prey 
held briwetti the JaWii, so lung 
the exteniDil uoacrikt are ab&ve the 
w &lcr Jiar, 
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5 ^ Manifimt^ 

I ft ftuimmak botL nasal an ti oral breathing an: made possible by the 
bacinward migraiion of ihc glottis to a poskioii In Lhe postcriur region in the 
throat. iVasai breathing, hemevor, whh the gnrater facilities Lhua pro^-ided 
for lA'armmg and moisteniitg the inhaled air, and the added advantage of 
testing its quality by means of its passage over tlie .srnjiitive olfactorj^ sur¬ 
faces in the nasal chamber, b the belier anil more favored method among 
mammals generally. 

The outstanding advance in tiie breathing tnechanism oX maininab h 
furnished by the mutcul/ir dinffhta^mf Hhjch in Icm^er ^TTtebrates Is fore¬ 
shadowed by the iransv^cTTic septum that sqjarates plcuml and pericardia! 
rhambers from the body ca\'ky. Tfic diaphragm consists of a central Icndi- 
iiuiw com pc men! j from which extend mdiaiing muscle fibers derived from 
nud-cervlcal myotomes. The diaphragm ^vhen refaned is shaped somewhat 
like an arched vault [tigs. 3116 and 351 and is perfonned b) the dorsal 
aona, rsophagn^s asrygos vein, thoracic duc t, postcava, mid vagus nerve- 
its radiating lilxn-s shorten by contraction, the vault of the euplike dia- 
phra^i lowers or llalterts, thus: increasing the space within the thoradi 
cavity, Conft^jquenily the aLmnspheric pn^ssure from wiihoiu forces air inio 
the lungs. j?\t the iname timie the viscera witliln the body caviiv are crowded 
down 50 that the abd<imiii[il w^all bulges out. The miistiilax oppunents of 
the diaphnigm arc ihc strong walk of the abdomnip 

In additiciti to abdominal diaphragmit brcaihing, mammals also util{ 3 :e 
the reptilian method of rib muschs to enlarge the thoracic cavity when 
inspiring air. Thtr ri!^ are bent^ like jointed levcii at an oblique angle to the 
vertebral column, and if acted upon by the intercostal mu-sclcs the movable 
sicmuni, to which they are aitached vent rally, moves fart her away from the 
relaijwly atatkmary backbone, thus mlarging iJic thoracic ca^-iu-^ In which 
the lungs are located. So it comes about that iuspiration is cfTccted not onlv 
by the depletion of the diaphragm but also by the elevation of the rib^* 
both efforts ralLLng for miiBi:ular activity. 

Expiratiunp on the other hand, Es to a large extent automatic tlirnugh the 
elasticity of the stirtched body walls, tlie taut tartnagiiuiuii ends cif the bent 
ribs* and the icmiiLy of ibc expanded lung tissues. 

In big heavy atiimak, abdominal or diaphragmIc breathing prrdonii* 
nates owr rib breathing* Jumping auimikk, like kuiignmofl and monkeys^ 
ijtiliKc rib rtiuAflc* rather more than ihr diaphragm in rcsplTutimi. 

borathing by Rieans of the ribs h aJso more pronounced in human 
females than in males in whom abdominal breathing predominates. The 
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reason for thr scsual diffciaice in the nspiraion' mediantfim may be air 
evolutionary ailaptaliou brought about in izonncction with pregnancy, dur¬ 
ing which jjcriod the pnacuce of a growing fetus interferes sontcwliaL with 
freedom of mo\cmnit of the diaphragm. 



Fig. 351. Ahdifniirol nnd tlinrwrie contniTia during icipinHon. A, the 
icIatiiFc podtinm of tlif chta wall, the dlaplirflam. aiiiJ llic AbdoTninal 
wall al the «id ul musdnul I'rnplralion ami expiratitjn; n,^ iliaphragra at 
end uf normal liupimtlon and e^pitatton, In quiet brerttliing thr^ ir no 
marled change ui the jwsiuoa rtf iHfi ccntml icndutt. hi forred insplra- 
don it mil}- be drawn pfistromly, piilJlnfi the heart down with it, [Frum 
Howell, Fiilion, Humim rfiyihto^. copyright I94fi. by pcrmissUiti of 
W. H Saundtrt Cowpany, puhlithcas.) 

The amount of air required daily by a hiitnait Indng \3na within w-idc 
limits but may average over lO.OiX) liters, including over 2000 litm of 
oxygen. The lungs of an adult mny have an average capacity of 4fK)0 cc 
of which some 500 cc, called tidal air, is irncwed wlih every breath, 
flf the remainder, about 2500 cc is romplemt-fttal tiit tlmt can he iirspitcd 
on occasion by deep breathing at the end uf a tiormai inspiration of tidal air. 
The other 1000 cc is fuppiflmeniid ah, nr tlic amuimt which lan tliconrtH 
rally be ffirrihlv expired aflrr a normal expiration. After the deqjcst pos¬ 
sible expiration there is still abtiiit a liter of air kfl in the liiniES and rrspita- 
tory tract. This reudutd air is not included in the data for lung capacity, as 
givrii above. 




flio/og)' of the Vertubrates 


420 

\X VOICE APPA1L\TUS 

TLe cmotiom of animals art frequently expressed in various ways by 
characteristic tiiovctncnts and noises, Male rabbiis sound an alarm by 
pounding^ the ground with their hind feet, whUe bucks and bulb send forth 
a resounding chalJenge hy stamping with their front hoofs. Rattlesnakes 
shake their caudal castanets and many stridulating hiseets express thcni'- 
selves audibly by rubbing liarU parts together. 

Among Vertebrates that produce a distinctive noise, the voice apparatus 
is generally a wind instrument, and consequently a tlirccl part of the respira¬ 
tory system. 

The majority of vertebrates are dumb. Fishes, which outnumber ah other 
verteb^itcs in species as well as individuals, have only a Jew representatives, 
such as dmmikhes and *'griinteisthat break the piseme vow of silence. 

Amphibians, excluding the musical frogs and toads, are practically voice¬ 
less, and reptiles also, if a few unusual cases such as hissing snakes, guttural 
geckos, and f*elhiwtng hull alligators arr omitted, are pmailingly silent. 

When King Solomon ecstatically sang in a springtime of long ago, ' The 
flower® appear on die earth: the timr of the singing of birds Ls come and the 
voicc of the turtle is heard in our land ” be did imt refer to the silent reptile 
of tluil riatite, which is quite unable to celebrate the changing seasons 
vocally, but to the plaintivd noti* of the turtle dove. 

Some moralist ha.* pointed out the fact that probably die llist vocal 
words spoken on this e^tth were tlic words of the croaking frogs, which 
,«ioiind like "ikii'A, leorA, lUdtkJ' ft should be noted in passing that the 
sedentary frogs, like many oilier annrhair givers of advice, pay no heed to 
their nwn rshnitatintis. 

Birds as a njJc aft ELfutahly ^^'w^ifcrous hut ihcrc sirf tiiimrrDUS S]wcir5> 
such af thi? stoldy thui prrservt? silmce, wb\k it b a 

rqrious f;irl ihal atncj-tig mammals whaler hiivc relatively less v'oice 

ihaii tiny mice. 

TJie Wfinls in cpmrncifi tise tci desen hr sounds produced by jriiOmniiils 
iTicjir,ntr *1 widf vyincty of distbictjvr voices, * with ccirttspitindifu; liK'ersitv 
in ihc wind iastnimcnts Invfilvrd For cxaniple. ihr hursc "Svhiniiies": iht 
tlir ilunkcy tlir pi^ ^'squenJs *; the sheep 

the elephant the pfircupmc the lion die cat 

the v^fiir * howk^^ the dot; '^harks”; the rat “squeaks” ■ die Irinur 
die mtmkcy and .vintc human heinj^ “sm^” 

Since mnst voices are defiendenr upon the expiilxinn of uir from Lhe 
liinpi, the Vocal apparalus^ or It^rpnx, h uilvaittagcously localrtl annincl the 
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fihttis. that is, the slitlihe entrance to the trachea. Ditferent sounds are pio- 
tliiieU by modifyini' ihr aliape of the aperture and tJic contour ul the cavity- 
through which expelled air escapes. The cartiiagira. nicinbraiies, wallv, and 
muscles of the larynx constitute a mechanism for cfTctrilng this result. 

The mouth tx\ity m man. as well as the pliable checks and flexible 
conguc, aid greatly in altering tlie chainclrr of the L'hanibct through which 
the column of air from tiw: Imigp is forced, thus changing the sounds pro¬ 
duced, This can be easily demonstrated by proiiouiiciiig the vowels. A, £. 
/, O, L\ In succession and mentally noting the cliaiigcs that nieanwhiit 
rrxult hi the positicnl uf the lips, tongue, and cheeks, and ihe consct[uc(il 
aheration m the contour of the mouth cavity while executing these distinc¬ 
tive soundx 

In ihb connection it is a suggestive fad dial die evolution of voice has 
a dose dependence upon emcrgciicc fmm water to life in air. ll is obvious 
that the traditional episode of the Tower of Balicl could only liave been 
staged very late in the cvolutiouary story* after the human larynx had (;t>nie 
into Its own. 


L .Amphibians 

There is no irue larynx in frshes, but in vokdcss salamanders the lary^nx 
consists of two liny tiianpiilar gtianhaii cartilagea, luierttl cartUages (fig- 
352), emliedded one on cidier side of the glottis. In some eases when there 
is enough trachea to permit, as for example in Siren, there are addhionoJ 
fragmcxitarv cartilaginous rings below- the Laierak. These prophetic carti- 
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Fig. 35Z Ijryngcal c^t- 
tii 4 gu of umtirin. 4, 

mfui; Sirrn. (Afirr 
IVledcishrEOi.) 



353r sppflrntuf of 

31 frog, [After Wirdcrshcini.) 







Fiif. 134 . Hyiit, ihnwtflg 
inllitted. rcsoriMf^c »«c. 
lAfttfr BoulcDRcr.) 
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Jagc5 of littjclfics brcomr devclopeil inlui laryngral canJla^cs lu 

the musical frogs, toads, and hylas. The brek-ek-ek^kex, ka^'c. ki>-aV’ of 
ArL^iojihancs' Xanioos frogs, imiUiteL) in one of the modern college ydls, is 
a diurar (eristic bit of viiiJc i'OE:^ir„')tinn familiar to everyone >vhosc experi-- 
ences Include a frog pond in springtime, Ilie mcchanisrn by wJiicU these 
haunting tioctumti arc produced cutosists of a pair of arytenoid eartilageSf 

and in addition, of a new cajtiki|s;t% the triemd, 
'ivhich iis an dabomliftn of the first tnicjicjd ring or 
rings (Fig- 35,1), Dibtor and adductor ruusdes 
operate these skeletal elcnn'nts. 

Two fuliis on the inner walLi of the laryngotra- 
chrai chamber, the Local cords, lie parallel with tlie 
slithiic glottis. The .Anura, espechdiy the males of (he 
species, have besidfs, internal toe ill sact in the throat 
region which arc apparent externally when inilalcti. These servx as chambcjs 
of resonance for increasing the carryiiig quality of dicir vocalljtalions, A single 
tnedian \oca| sac is common to all hylas [Fig, 354i, as well ai (he (oad, 
tlufo, while two lati'ral sacs show jit the shotildrrs of frogs, being especially 
pinnoimced in (he mak bullfrog, Rana catcjbiana. when its twartgim' 
"pfjf-n'-rtftn" note is being tiroadcasl. 

As a matter of hut the iimgs of frogs and toad^ arc largely organs for 
pmdutiing sound after the manner of bagpipes, the respiratory functlou 
being taken care of rntwlly by the skin, 
as shown by Uic fact that (lie cutaneous 
arteries exceed the pulmonary arteries 
in ,42e. 

2. Reptiles and Birds 

Reptiles and birds have less larynx 
and more imdica than Aiiura. Compen- 
sating tliis deJidenq', birds have cvolverl 
an additional secondary “laryTix," tailed 
the syrinx, which b located .it the lower 
end of the trachea at its junction with 
(he bronchi, imicad of near the glot¬ 
tis (l-ig, .155). ihe pmition of this unique voicebox is in line witJi the ex¬ 
treme stmctunil miMJifieations of birds wlicfrlw all p<i?xibk wdght » rentnd- 
ized for purpttscs of e(}iiilibriiim in flight. 

There are no via aJ cords in the redurrd laq-mt of birds. Instead stiunck 
uc due to vibrations of membranes Tn the .syrinx. The median wall of ibo 



Hg- ^55, DjJTetrnl syriiigiriL ^ mat- 
lardi gnf>53ni1rn 0^ vctvrt ^rntcr; i>^ 
cider ilmk, ,r\Jtcr l-STcrnff,) 
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bt!gmrkiiig cf each branding is a thin membrami iympaniformU intema (Fig« 
35tiJ. As there is a projection of the intcrdavicular air sac which lies 
between the bascA of I hr brundii, the tympartUoitii itiembroji^ can vibrate 
as air b expelled past than, tn singing birds there is also an unpaired vibra¬ 
tory membran/t s^Tnilunuris, extending dorso-ventraily near the junction of 
the bronchi and trachea. A bony ridge« the pessulurf supports iLe semilunar 
Tnemhranc, The cartilages of the syTi^^1^ which are modificatiom of tracheal 
ami brouchiai rings, are combined with iutercanjlages, membranous walb. 
and a variety of muscles, into an efficient vocal mcchafiiflin^ By meaiLS of 
this apparatus the bird h enabled to change the diape of the tracheo¬ 
bronchial chamber, thus producing a variety of different sounds. 
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Tir. 3^56- lyiogllQdinal scJcticiii dimtisli the syrinx uf a ihnuli. {Aflef 
KaccLcn] 


3 . \famttuils 

The cartilages cfF the rnammalLin larynx indiide, in addition to a pair 
cif triangular nryianmdj iiniund the glottis, and a bandlikc crimd just 
Ldow, a nJativcly large quadrilateral dkiddshaped ventral ikyrind rntdhge, 
thai in man forms the movable pmminenre hi the neck known iti academic 
circles ^ the pomum Aitmni. and dsewhert as Adam's appIeJ' 

"flie thyroid cartilage b orig^inaHy paired, as shown by the fact iliat In 
Tnonotn^mrs It ia made up of two sepamtt lateral plates in^ead of a sinj^c 
piece, and in all mammals it k derh-ed embryomcaJly froTU the reuiatus of 
paired hnmchial arches. 

Still another structure drvclcipcil m mammals is a cartilaginous lid above 
the glcjttis. called the epighnu. This aids in dosing off ffie tracheal tube 
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f rom food tlial k passing down to thr rsopbugus. a proccsi, arcomplished not 
3fj muLh by ihf closing down of the rpi glottis as by the elevaiion of the 
tracheal tube to fit against the os-crhaiijipTig lid. That the laryjijc is (empu- 
rarily elevated during the act of swallowing is easily demonstrated by pUc- 
iiig the thumb and finger lightly against the Adam’s apple, at -he same time 
imitating the transit of food by swallowing. 

Furthennore, in mamrnahi the honwshot-shaped hj^oid bone, situated 
aJxivc the glottis region, is made a part of die laryngeal toraplex by eon- 

netting ligaments which smpeinj the 
larvtix. In Edition certain minor liiryn- 
geal cartilages are described in hnniati 
^natniii)\ for example.^ two tninute rod'' 
like cun 01 form cartilag^i of WmktTg^ 
in the fold between the epigif>tti 5 and 
tile arytenoidsi; two small tqniir-^] nod- 
nks, the cariilages of Saniorlnl, fiur- 
iDountuig tJie apic^ uf the antenoids; 
and the tfittr^ous ^urtititg^iLy embedded 
in the ligaments connecting I he hyosd 
bone on dthej: side witlt the ih^Toid 
cartilage, so called lienjuK of u 
Itlancc to grains of wheal f/’rjhVum )- 
The loratioti and irlarioiiships of ihc 
jrn^ impciiijint. cartilages thiit make up 
the faryngiral vojcebox of mnn are in¬ 
dicated in Figure 357. 

'thr voral cords, which reach their gn-atrflt (Mcrttitiotion in mammak 
anr two pail:, of bamllike folds on tile inner w ^Oi of the larviLX, one above tlie 
uihcr. csicjidujg lietwccn the aryienoids and Uir thvroid ranibgr (Fig. 

Of thtsc the upper pair are vailed and the lower pair '‘tme" 

vocal cords, Made up of druse bands of clastic fibers covered over by 
mucoiis mrmbrune, tJtrir position and tereslou jmiy lie altered liy means of 
accompanying ujusclts. During ordiiian' hrr.rtbiiig ilicy do not ^ahratesuffi- 
cjciitly to protliice smmd, hm ivhen desired the column of air that is lorvcd 
over their surface is modified through Ehdr iiclhity into audible ^-thratinm. 

In most casefiscjuiid k produced by exfiirfitutn uf air over The vocal cords, 
although in nttepllimal insiames. a familiar example of which b ihe ‘'hee¬ 
haw" of the dmikty. the air does vocal serrtte kjtb going b, and cono 
IHE? nut. 

Between the inie and fabc vTiral cools a gromc or eoucaiTty. known as 
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Fip. 357. I'rniit vti?iv of lujitijn I[Ltytt3t+ 
AJtnr ('inniiixgJijjrn. J 
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Fig. 358, Vcrtind Mrciinri ^if Inuii^uiL luiyiuc. f Aftrr TrsmtJ 




the veniriiiutfis I^iryngh Mofgugfii, wblnh is 
certain howling nionkcys and vociferous 
upes^ has the tiapacity of jfi^’cUing out on 
either side into air-filled m^nance sacs that 
iLinctiun much dn similar structitres in 
frogs, by adding littensiiy to the s^yunds pro¬ 
duced. Curiously tiephants are wiihaut false 
votal cords, while tuppopotami have no 
others. 

In >t 5 ung marsupials that remain at^ 
tached to the nipples e^f the mother for pro¬ 
tracted periods by means of an auiomatir 
sphincter muscle around the trtouih, the 
larynx bcctimea so ebngated that it extends 
up into the na 5 ophar>nx behind ihe soft 
palate, enabling these young animals to 
breathe anrl lake in milk at the same tiTue. 


particiilarly well-ilevdopcd hi 
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Fig. 330. Larynx of ^ifrhius^ a 
wMc. .\mcnar entU of elongate 
cpiglattli imd arjftnwict^ extend 
Imward iaia imwpharyiix. (After 

Grgrjibaijr.) 
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'Fhis device eliminates complications uskiaiiv attendant upon llic doublr 
traffic of air and fotnl in tUc phar>Tigiral crossing of ihe wav's. 

Whales Jiave an dijii^ttd lar^-nx which extends Into the nasophar>nix 
so far that the glottis can be enwrapped hy the soft palate, an arrangement 
that mitigated some of the difficulties to which these abcfrani inaixuGaalii are 
subjected hy thor madne existence (Fig- 359). 


CHAPTER XIV 


Outgo Apparatus-Excrctoiy System 


I, EXCRETION 

The iinrvk 4 blc consequence of tlic melaholk pmeeaes dinriirtcriTin^ 
living crciitiiHB is that x-arimis l>y-products are formed in the body that must 
Le got rid of for the rcaioii that thrj’ not oiify arc useless Iti die organism hut 
may become decidtiUy harmful if retained. 

Since there are many kinds of animals, there ts a variety of dc\'Tces for 
Tomplbhing this unisersal funetinn. Excretions should not be emfused 
wiih glandular accrctioiLS, such as saLi^'a, milk, tears, mucus, enzymes, ami 
hormones, which are of Bcrx'icc to the organism. The mechanism of sewage 
riisposaJ is the sxeteloty dp^/tratur. 

The substances eliminated by excretion may be in the form of ga«a, 
solids, or liquids. Lungs and gills fumisb the principal mechanism for the 
excretion of the gas earha« dikxfdr, resulting from the respiratory oxidation 
of carbohydrate and fat foods, while the digcslivi: tube is the atTniie of 
escape for the solid refuse from ingested food- Although the latter may not 
le regarded as true excretinn, ance tlie solids evacuated have rtevtr been 
Incorporated as a part of the body, it is nnrrthelea an indispensahle p,art 
in the pmccss of the disposal of waste. Both of these methods of el'mioation 
have already been considerrd in the foregoing chapters upem the digesti^r 
and respiratory apparatus. 

In addition to these two methfsds of disposal of the unusable prralucte 
of the body, there is also a rotistanl excretion, or stougbing off, of cellular 
material from the epithdin! surfaces of the l»ody. both fmm the outer espo.'jed 
surLice, and alst> from Ute liuhn; of various tubes and ducts which have 
access directly or indirectly to the miutide. 

The present chapter is concerned primarily with the disposiil of /ojiifd 
tL'OiU bv means of the urinary apparatus which is ordinarily referred to as 
the "excretory systeni.” 

As a matter of fact liquid, or water in Vatiousi gtusB, » disposed nf in 
the animal organism ihraugh several different channels. It is thrown off 
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from the lungs and the sweating skin cf maitiniaJs ns rapur; from the diges¬ 
tive tract as die fiuid component of the feecs; and above all from the 
kidne>'s in the form of tiriiir. It comes to dir kidneys Imm the blwd, 
idiargcd with salts in solution, both orgajiic and Inorganic, together with a 
v^aricTy of other chemical suhnances, as well :i5 cell uixckagc of various sorts. 

Probably the sinipJcst urinary apparatus of exernion b the contriutHe 
vaf itoU in protoitoaiis, which |>criodIcdh expels its liquid contents, accomu- 
latrd from the surrounding substance of the ccJl to the outaide. 

In the bloiicUess flatworms Jplanarians) cxcretiim is accomplished 
through a system of brarudiijig ducLs that ramify throughout dir body and 
join before cmptyiiig their excretory' contents to the outsidr. The nunierous 
extreme tips of this hollow branching syslcni end blindly in swollen knobs, 
called flume cells, because in the cavity within them thtre is a tuft of cilia 
whose flamdike flickering motion forwards the cudreted waste liquid on its 
Dutwjjrd way from tlic sLurotmeJing lbs lies. 

In animals having a body easily, dminage tiibest or tiefkndia are Intrrw 
dijced connecting the rasity with the outside. When nephridia occur In 
nivertcbrates they are typically paired and independent of each other but 
in vertcbralrs they arc more or less massed together intcj definite organa of 
excretion, known m Primarily neplmdia open at one end into the 

body ca\ity and at the other, cither independently f>r indirectly, through a 
cum^n ronnceting duet in the outside. This furnishes a means of escape 
for the eodotnic fluid In the body eaxity. which rredvrs coritrihutions bv 
way of the blood from aU parts of tlw bmly. Such an arrangement is of 
partHiiIar significance in many mmtcbmtcs, for example annelid worms, 
although decreasing In importance among vertebrntes. On account of the 
Icscning usefulness of the cudomic fluid in the absence of an open blood 
systaii and the ciabnrnlioit of a closed blood system, tiie liquid wastes of 
vrricbmtes arc collected directly b>- the hlwd stream mthrr tlian after 
finding temporarv' sanctuary in tile coclnm. 

Ific rxrrntoiy system of vertebrates mav be dcscribtrd, thcrclDrc, as 
fiindamentaUy made up of nephridio, more or kxs completely cmanclmitcd 
fnim the origin^ direct connectitTu with [he body ravity, hut nevertheless in 
intimate osmotk cotiiart with blnotl capillarirs bv means uf whidi WiKte 
marcnuls are colkrtcti form the blood stream and tTaiisfcrred to the outside 
through ducts of cxiL 

nie nepJmdial tulx-s of the kidnens have structurally much in l ommott 
with the ^weat glands «| ihe niainmaliim skin that have 1 h:«j descrilwd as 
mlmiEC supplementary- ydney^i, Iknh arr- tulMs with walls of excreting cells 
m Ch« juxmixwTiimi m capilbries, and have die power of abetracling waste 
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material /rtiin the blood streiun. When it is remembered tbai there are over 
2,00f),0tW sweat glamlH in the skill of an ordinary human beinn^, and th-if 
end 10 end they enuHtirntc over twemy-five miles of gtanfinlaf tubing, 
according to Maefie, it will he realized thai these nuLmi«:apic stmeturo 
are by no means insignificant understudies to the kidneys in liie disposaJj of 
liquid waEl:e materials from tiie body* 

For purposes of general dcsctipliHm the urinary apparatus of 3 typical 
vertebrate may be cmusiilcred under three headings: (J ] kidneys; (2) uri¬ 
nary ducts; and (S) bladders. 

II. KIDNEYS 
I- Fonus 

With respect to the shape of the paired kidneys the evolutionary tend¬ 
ency is towards compactness and consequently there ^ a certain parallel 
between their ff^rm and the general contour of the body. 'ITic Itidnrys of the 
primitive eel-like cyrlostomcs are long straplike bands, while in fishes gen¬ 
erally they extend not only throughout the lengtJi of tfic body cavity hut 
also they may penetrate even beyond into iht tail muscu¬ 
lature. Frequently’ too, the typical shape of the kidneys of 
fishes is modified to conform to Uie presence of the swim 
bladder^ which in Eishia is a bedfellow of these organs. 

Among amphibians the worm like Gymnophiona and 
the loiig-liodicd urodcUs have currespoudiitgly elongated 
kidneys, narrower aiiterJoHy and widening posteriorly* 
while In the squat anurans these organs become much more 
compact and rounded in shape. 

Although lizards and alligators somewhat resemble 
urudcits superficially, the rebitlon between me sitape of the 
kidncyx and Uie fuitn of the body b [cas marked. Thr 
kidneys hirwever, are still somewhat dongatctl, hut in 
(urtlfs become decidedly compact, cejnforming to the rigid requirements 
of space Imposed by ilie shell. The uppmte extreme is shown by snakes 
that have llic kidneys not rjnly attenuated like the body bin a bo entirrly 
crowded out of the typical side by side position, so that diey lie tandem- 
fashion one behind the other. 

file t oju asitiea of the elabcirate pelvis of birds, ui whirh the kidneys ure 
for the ttinsit pan packed, form s restricting bony casket dial iletcrmines 
their tubulated form. The liighcsi degree of cumpactnes is found among 
niummals. 
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The btar [Fig. 360), ox, seal, and porpobc have lobad kidneys, 

u conditicui appearing also in himian cftihiyas but which becomes obliterated 
5oon after birth. 

h'lisimi of Lhe tw^o kidneys occuib Irequently in fiihtft ( Fig. . 396 ) * and in 
.wme lis^ards, at leaM at the posterior end^ as wcU as in m;iny birds. Posterior 
ftision of the kidneys may exiieplioiially iippcar even in nmn^ when a 
so-called ^^lotscshoe kidney" reaulis. 

If for itny reastm anc of two kidtieys b pin out of commbision^ the other 
usually i-nJaimes huo a “compeasatmg ludiiey," taking over die work of iu^ 
inc apacicalcd matt in addiiicin to its ov%n. 


2 * Pmitton 


File kidney's are elowly a^wiated with the dnrsal wall of the body 
cavity whtre they lie ontdde of the peritoneunL 

In fishes and birds they lit with intimate smigimsa^ along eilher 5^1 de of 
I fir backbone, hut in anipiubiaiiSp reptiles^ and mammal are less closely 
attached to the body wall, sn me times projecting into the body cavity (Fig, 
361 J. In all of these elaj^ the kidneys arc usually Tfir&pmlnn^id^ behind 
the peiituncum, al(hough rn some mammals they may even hang free, 
enclosed in a pcriipncal envelope wnich entirely surrounds ihem. 



—Dorwl Mjuognster 
-— -StoTrtodi 
— Pancreos 
Kkcfnay 
Perllontdin 
'KSreatsr Omaiitvni 

Lw«f Pflritoneol CavEty 

Greeter P&riteneal Cavity 


Hr. 361. Diaiji^ni ihflwin^ iimidr^r ttf kirtriry beKIiid liic ccricofieiMn. 
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Symmetn of pwition Is quite feed in birds whissr kidneys are ripdly 
held aide by s?d« in depresdiins of the pelvis, but it is less apparent in mam¬ 
mal’s where, hdns Its* irsTTicicd, one kidnq- is usually lujt exactly oppusite 
the other, Fhc left kidney in man is ordinarily situated m s somewhat 
hifilier level than the right, al thtsugh many except ions to this ammsement 
have been ohmvcii 
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Each human kidney weighs alxiut four and one-half ounces^, and in its 
three major dimctiiUjus measures slightly mtiiT than four by two by one 
inches, Ii is shaped like a ^"kidnrv l>ean/" with a conv^ex lateral and a 
concave tnetlkl margin- The depression of the concave margin is the tiilus. 
where the renal artery and the nerufs enter and ihc renal vein nuJ ureter 
make their exit ( Fig. 36^ J. 

3. Cross Structure of the Vfamtitaliait Kidney 

When split lengthwise in the frontal plane the maittmalian kidney b 
seen to be a hallow' organ with walE of ^'cry unequal thickness on the Con¬ 
ors and die concave sides, Thr cxcetitric cavity within b knciwu tJie renal 
peL^h^ *rttis cavity is really a funnel-shaped expaimon of die urinary^ duct* 
or ureler. The thicker wtdlE arc the solid substanti: cl tile kiduey riself. made 
up ol ;t nf nepliridia, blooii 
and aiijneciive tissue, which even to 
die nuked eye appears to be different 
ihited into a namsw, €ulei\ radicr 
eartkal zone, and a widcr^ 
inncj’, mure diversified medullary zone, 
bordering immeciiairly uii the renal pel¬ 
vis, TJie ciiTire sLTuciure is surroiiTidcd 
by a dghdy fimug capuk of comiredve 
tbsuc, thr iunka fibtL^su- 

The medullary zone presents a 
number of cone-shaped sc^menUp \hc 
Mallnghiaii pyramids, die ba^ of 
which rest againsc the cordcaJ layer while 
die apices, papillae^ project into the 
cavity of the pci™. There arc seven tn 
twenty pynunids in the huntan kidney. 

F*ai:h cup-shaped part of the pelvis 
that surrounds a papilla is called a ciifyv. Bex ween tlir M aipiglilan pyramid:^ 
are masses of blood vc$$ek. forming the r^idumns of Bertini, that arr made 
up i]f subdiv^sinm nf the renal arteries and veins on their way to and from 
ihc renal tubules of excretion which arc crowded together in the Malpighian 
pvramids. The narrow outer layer ot cortex, upon which die bases of the 
Malpighian pyramidi rest, hes just underneath the tunica tibro^ia. Due lu die 
presence of the corttcal ray^^ h a ^trialcii appearanre, 

The kidneys of many aiiiinab, for example, Efhidaa, marsupiak, in5ec- 
tivorts, rodents, iamivorcs, peri w>d act vk, and apes;, dial aic urn pyramidal 
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with only ^ singic psipSlIii (Fig. aric richer bhedt ^ncc the number of 

pyramids drlcnTimt-s rhe number of Tht. true muUilobrd eonditinn of 

thr hum^n kidneys, which is most piainlv appaieint at about Uit- fwurtti fetal 
mcmih, Ls mucked by die growth of parts which eventually Clt in the inter- 
stict^s between the lobes. The relation of all these pans is described in the 
folluwjTig pcvtion dealing with iitc miciTiacopk stmrtunc of a single urinary 
unit or ticphridial apparatus and its pofillbu in the Malpighian pyrartlid. 



tl|E. 3G3. FvoliitEDD of pyr^trtiidii b rfiffcrcnl kSdneyit Afc the left h the 
iiTujjyrauiLilial typK\. in the riiipirra jnbulafc kidury wilh gcv^erikl (pynitpJd^^ 
rtnd .11 thr u kifhiry emrifp^^d of ^r^trai pvTamitU Uji fiasFuc iillr^d 

in Uiii'ccL ilicfit IP that h h nfi lunger tuximiuHv bbilnte. i After 
N ti hn, ] 


4. A Urinary Umt 

A tmtury luijl b ii traiisformi:!! nephridium tKat has gjiinrti an intimate 
eonnei'tit.n vifiih the blcmcl system and csablishcd ait avenue .jJ drainage lt> 
the outside, rbe various part* of such a unit arc pictutrd in Figure 364 , 

Tlie junt linn where the nefJiridbi tube makes contact tvith the blood 
strrani Is ruJItd the ren/d corpufctf ( Hg. 3f)5), It consimi of a spherical tuft 
or knol of arterial capillaries, Uic ^lomeTuluif rnsfkiped by n double cup of 
i’pilhrlial rrils, cafnule, ktween the double layers of which is 

tlir cavity of the renal mbiilc, or ncphridUim. 

The iLirtiiatloTi of Bowman'^s capsule arntmd the gbramiius ai ilte tip of 
thr irniiJ tubiik* b brought about when the glnmmilus enmes into contact 
with the lip of the luhule and pushes « in from the oiiLside. Ukc tlie Ettiger dp 
of an empty glove. The delicate intier aip ol B.nvman’s capsule is thus 
clcecly ndherrnl to the glomerulus so that the blood in the ginrncnilar capil¬ 
laries is jieparatrd from the cavity at the end of tlie ren.iJ tubule only by two 
enceedkigly thui cell layers, that b the wall of the iuner uip of Bowman's 
capsule and the wall ol the glomrnilar capillary itself, 'rhua filtradijn of the 
liqiiitfi: to Ik; excreted from the blood into the ncphridial tiilx; b made easily 
possible. Once through the inner wall of Bowman’* capsule, the cxctetory 
liltnite pawe* down the ngck imo a thick-wailed, kiiikcd-np glandular par- 
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tiou of tlic Uibr. Iuioh'd as ihc praximid (onrduled tubiUe, wh«nc€ it con- 
tiniics around a iiim-’glandiitar hairpin tur'if'ei Henle’s loop, into a second 
tbick-wallcdt kinked-up glandiilar part, the diital convoiutsd tubuUt wliicJi 
opens ill turn into a coll^sting tubuU {Fig. 364). Evxninally the collcciing 
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inbules of neighboring units join into larger common channels, called the 
ducti o/ Betlim, that &naJly «peti into the rena) pelvis at the tips of the 
ppilbe. Thus tlie entire urinary unit frcfm glomeniluii to pelvis is a con- 
tinitom canal the walls of which vary much in character and function. As 
many as ten to twenty-four ducts of Bellini, or papill^ity ducts, »^y empty 
itito the calyx of the pch-is from a single papilla of the humnn kidnrv. It U 
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ihe pdvU, cjf enlarged end of ihc TA’hifh. by way of llie Idadder and 

UTeihray establishes a highw.kv o( rnn-Lrmjnic4liQn with ibe outside world. 

'ITie blood streion passes tiirough die kidney in liir following manner 
(Fig. 366j. The rental arferv, rnlrring at ihe hhiis. riubdisides in ihr 

uxiuiN of Benini, thm breaks up into 
arterioles anrl tin ally tiapillarics m the 
cortex. The latter kuut op Unci the ghmic- 
niK, which arc entirely arterial, forming 
a iHe rmratiiUn rather (Viaji an artcrio- 
vtnnijn capitEarv traadtiom The alTerent 
twig entering the glomerulus is larger than 
ibcefTerent iwig which rnakes its exit ocar 
by, nti ihc same tiide that the alfeirnt 
twig enters. The inequality in the size of 
thc^ twigs tciids to biiikl a pre^tirc 
vvithjji the glomerului that is probably 
higher than in any other i:apillarU“s* I he 
emerging elTerenl twig soon breaks up 
into a eapiUary netwtjrk which entangles 
rhr ec involuted ruhidcs. Here in tIuh cap- 
illiiry network the arterio-venous Transitiun occiiis, sinc^ at this point intimate 
<j intact With the gland ulai wiiUs of ilie eoiivoliited to h i 1 U-t nrnjrs, which 
makes possibie die change in the biinid from arterial to venous riuirstctrr. 

The wnuleTi emerging Irtim (he capillary netwtjrk anastomose with 
neighbtjring venules from oiJjer inuts in the cuiieii, tu fonii larger veins which 
lun in ihc columfis nJ llrrtini hr tween tlsr Malpighiau pymmids jind finally 
join to f«iiTn tlie renal v-ein thnil euieracs from l(jc kidney .11 the liiliis. 

The coruical region prcscjiL’s to the naked eyr a gianular xippcafanr*' 
hceause in it arc enilxrddcii the ^Iminruli and ihr rouvnlutcd tubules of the 
uritJiLiy units, wJulc die striatcil appearame cal the Afalpighiau pvTumids is 
due to the presence of the parallel Hf’iiie ? loops and the collecting tuliiiles 
t Fig. Jb-l) 

It U e^ihnated that the humnn kldiicvT^ may include as manv iis 
HS(i iirinurv units that estiii.blish tuiitbiiiutiS- open iiliiinneh from th e 
i^lonieruL m the pelvLt^ through which Maiic ol thr com pi me 11 U of the 
fmward-riiihitig b|f.<jd stitam art diverted and eveiitunllv discsirdcd, 

Ffte serictiou of the urine prohablv Jtivolvts^ Iwu processes; (1 1 fillra- 
tioiJ at thr glomrriiliis and 1 2 realMirptimi at the ruiivolmed tiilntlc^. 
Uater titid all oUier nuii-prniem eoUHtiliients of the hh^nl plasma are filtered 
intn the tubule at the gkjJiierulus, This very dJiliHe iimd b= then concentrated 



Fl^, 365. Arrangetui^t of ctiplhiiriCf 
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ai ihe conv-oluted tubules b>' aeiiv'e secrttiofl back into the blood stream ol: 
99 per cent of the water; all of such useful sulstances aa glucose and amino 
acids; most of the uiorgank ions such as sodium, chtoruic, and potasium; 
little €tr »ioue of the urea, uric acid, creatinin, and sulphate. It is possible 
that under certain canditiosns substances may be added to the urine In the 
tubules. 


LDbjIe Lobule 



TIiCh 36 r>. Dia^m ^bowing the relation of iinmiry uiaiu to thn dnrula:- 
lory system, Bailey.) 

5. UrittC 

1 he tompoation of urine 'varies enomtou-dy in different animals and at 
different times in the same auimal. This is because the bIcKid from which 
the urinacy escretion is obtained by the kidneys is sudi a kaleidoscopic 
modifiable fluid tissue that it reflects eoiwtantly different states of metaboU 
ban within the body. Furthertnore, under pathological conditions still other 
variations fnim the nannal in the compositian of the urine appear. Con- 
seqtimily urine analysis is an impoftatit aid to the diagnmtlcian in hndhig 
out what is going on withui the body. This fact was realized even by the 
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mcilic3l practitioners of fonner centuries to whom the refintd t.hemical 
technic id nukirm urine analv^ was tu^t a^mlablc. At least certain abdor- 
malitirs of urine cotild be diwiovered by simple vbua.1 inspeclioii and this 
was wrj-' generally, and no doubl niorc or less omculariy* done. In the 
crude woodcuts of old medicaJ books ol the sixteenth and sevetiirenth cen- 
tnrira there rwius over and over again, like a muttf in architecture or musk^ 
the tfrine mofif in the form of n unne Jluak^ which plainly tells the story of 
the inipcjrtaiicc given to the cxainiuatioQ ol samples of urine hi the medical 
diaguu^ib of thfwc tiays. 

t^rtih'om gimcndJy have an add urinc^ while that of herbivores tends 
to be alkatitic. except when they are feeding largdy upon milk. It is iisuaEy 
It lore coocrntralfd fii aitlmah^ sfudi an turtles and htrd^j which drink .spar¬ 
ingly. hi TUiiJi ibi spcrific gravity varies from 1.016 to 1.020, and normally 
;ibf]ui 4 liter ant! a half is ptudured every twenh-four hours^ 

Urine h churartrrhEcd by nitrogenous waste producta^ such as urea^ 
I jrutinm, hSppuric acid, ammonia, and uric add, although nitrogen-free 
ronstiuicrus and inorganic substances, such sodium chloride, and sulphates 
and pbisphates of sfidiom, puiasAii4m^ caldinn^ and magnesium are abo 
prrseiu. 

In mammals* amphibian^v. and fishes, urea, formed from the blood in 
the 1i%er, h Uic prominent nStrcrgcnoui compound preaent, while in re[ 7 tiles 
and hirils, with a minmtum of water as a tnnipnncnl, h is iirir arid, 

Mitchell give.s a Mhlf that acccmntK for about 951 prr rent of die con¬ 
stituents in miwt human uruii:s. In which 95.1 per ecru b Witter; Z55 prr 
cent fuirogciV4’citiiainmg constituents; L26 per ceut inorganic materials * 
and .(152 per cent nilmgendree jjRibslauris. 

HL URINARY DUCTS 

The duftw that drain the paired kidnev's are usually tw^o, althoiigh jmtne 
fishes may have six or right sijpplrmcniary duels when ihe nrphridial organs 
^xteiicl into the extensil e tail region. In higher vertebrates the urinary ducts 
am termed urrirTs, These mbrs with muscular walls and a comparatudy 
small bcjrc forward the continuous produrts nf the kidnew* not by gravity 
alone, hut by prrbtabb reganDc^fif the poRition of the body. 

The length of the nrcteis depends upon the prwitbii of the kidnev:^ 
within the i>adv cavity. They are very long in snakr^ and extretndy dinrl in 
hlrtb. Ifi atlnh man they average from rJevrn to fourteen inches in length. 

Urtfiftrs' (flirts terminate at the ootside in varioita warn In bemy fishes, 
male amphibian!!, and monotrcnics* they unite with the sexual ducts into » 
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counmon clmimcl, or xiTogejiittd (anat, optuiitg the grnitsi] aperture. In 
elaanKihranchs, nusi reptDes, and birds, tliey dcbnuch into the cloaca, while 
iit mammaLs liicy open into a reservoir, the bladder., whence by a second 
duct, the urethra, the ontside is finally ttached (Tig, 367). 



Re* 367 . UrogniitaJ appaiatua of frinalc inamiiiflt 
rV. M,ADDFJ!IS 

The coDtiiiunus excretion of liquids from the kidneys has ^tven ttsc to 
thr ticcesidty for a irmporuTy storage sac which may be emptied at suitable 
intervals. Tlicre arc three general types of urinary sacst, nr bladden, namedy, 
tubal, cloacal, and allantaic. 

Tubal IdaddfTs, which are present in ntost fishes from tlie ganoids on, 



A & 

ris. XB. Varinui types of wrinary tdaiJilew in lidir*. A, duple* type in 
Cadui: *. hJimii lyfie in L/fidiffieu*; e md n, simplai type with luiiced 
untuiry duett. |Aft(T Nwhu.) 
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lirr fnrmrd by the: H'idmtn^ or (mlart^emrEt of thv urin^n- dx^txA. In many 
ind^pendlcrnt bladders may fnroi^ v^rrra duphx Fii^. 3511 a one 
near die eaid yf each urinary' duel, wiLh tlie two ducts afterwards nnidng: 
mill a I'omnirin pimagr-way of exit; or the two may nin together into a 
4 :ommnti bibbrd bladder mrVii bkornii [Fig, 368b) * as in Le/jrVi?jleiij nnd 
syme fstlicr ganoids; ur linailyr the two cistretory duels may first jnin and 
tJien expand into a singtr bb^dder, vasifa simplex (Fig. 'Sbfln}^ sis fur i!xain- 
pic, in tlie pike^ Emx. In all of these cases the urinary^ ducts enter at one 

md of die liladder^ while tile exit is made at 
the opposite pole, dlie tubal bladder, wdiicb is 
frcquejidy larger In tiie female than Jn tlie 
male, is most eommciri in certain telcost fishes 
like the Plcrironccrtidac thai have no swim 
bladder. U sumewhaL dllTioill to aecDunt for 
the presence in fisliirs uf dicsc strurturrs that 
arc rarely absent yet of doubtful uiilliy, 

‘Hie dE^iicai bladder cxcurs in dipnnan^^, 
aniphibiatrs (Fig. and monolremcs. It 

b a divfTticulLfin of the rioacal wall opposite 
the ptiint tvhrre the urinarj^ dnrts, with which 
h has iiD direel connection^ enter. Ii luc^Lted 
dnrailly in lung5xhcs and ventraUy in amphi¬ 
bians. Ill the perniiiibrancJiiatr amphibians it 
ifi tonsiderahly elongated, but rounded and 
broadened in fmgstand toads. Frequently it h hdnbcd w hile in some iirodclea, 
for example AVi/awmw^Jrflp Triion, and Eiiry/:ea^ the jobes arc prolonged into 
hornlike proccfpes, 

Ooacal bJ.^dderx arc lillcd by the closure of the outer doacal sphincter 
ant! tlic backing up of the urinary seerrtson into them. 

The fJIanioic bludder, according lo mtsi embiyxdogisix, arises from the 
enlargcmenl of die praximjiJ nr batal end of the embryonit aUantoic stalk. 
h is char^icicristic of mammals and of such reptiles iis turtles and certain 
liz^Tih dial have a bladder. In the of other amnioicM, Hke snakes, croco- 
dilcE, same lizards, and birds, the whole albuiois degenerates v«'khoui devel¬ 
oping a bladder. In rrminitmls chat part of the aHantok stalk left wilhiti the 
btKly Hall, when the timbilical rvjfd irmnecled with the pbreiita w je\'cred 
ai binli, enlarges to form thr hluilder, and also thr mackui, or 
umbitieal Hfigment which anchors the bladder to thr imier body wall at the 
umhilitm. Thus the proximal end of dir allantois stulk enlarges itilo the 
holbw^ sac of the bladder while die disTal pan whhin the body wall undcr- 
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goes quite a cliffcrent fate hi being transfontied into a. $oUd ligament utilised 
as a guy rope to supjMrt the bladder^ 

1 he occurrence of an occasional nmehaj c>-st in man, with urine esraping 
through the umbilicus by a fistula, apparently demonstrates the embryonic 
derivation of the urachus and bladder from the common origin of (he 
allantoic stalk. 

Atey*^ saj-s, however, “Contraiy to earlier views, the allantois con¬ 
tributes nolliing to the bladder or imithus.’' .\cccirding to his view the 
mammaban bladder is a derivative of the embryonic ebaca. Future studies 
on tills question will be welcome. 

The mammaliaii bhiddrr ?» lined with mucous membrane and coated on 
the outside with peritoneum. It has a hisjhly tnuscvilar wall abundantly 
supplied witli nerves and blood vcssclss the involuntary muscle fibeni being 
diverted fj'oin their orighially regular, longitudinal 
and circular arnmgcmcnt so that thev interweave 
like felt in many dirci'ition.s. Upm eontravtion the 
cavity of the bladder becomes smaller, ihcreforc, in 
all dimensions like a leaking toy balloon, rather than 
collapsing like a hot-walcr liag from which the water 
has been emptied. 

The eait from the bladder is by way of a single 
duct, the urethra, the entrance to whith is kept 
dosed by a muscubr sphincter, except periodically, 
during ntielnrition, w'lien, upon the relaxation of the 
sphincter, the urine is expelled by tlie conlractton of 
the nuLsrular walls of the bladder. 

TTicie » considembk variation hi the location 
of the points where the ureters enter the bladder. 

Only rarely, as in Lepus and liyrfLX. do they come ... 

in at the opposite pole from the urethral exit as is ^ the 

the caitr- among fishes. In tnost mammab they enter ureiet. 
bw' down near the urethra by an oblique pas¬ 
sage through the wall of the bladder (Fig. 370 ), This arrangement 
makes the backflow of urine into the iiretenc tliffinilt, particularly when the 
bladder w full, because die pressure from distention tends to cltMc the bore 
of the uretera. 

both allantoic and doacal btaddeT^ may be attarhed to the ventral body 
wall by a remnant of the ventral mesentery, the ventral ligament o/ the 
bladder, continuous with the visceral peritoneum covering this organ. 

• Dri/«hpn»*niid Anatomy. W. B. Saundrn Co., pp. 147-fi. 
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V. TIIE SUCCESSION OF KIDNEYS 


1. In general 


Although all kidneys larc iuniiamentally nephridial tubes that extinct 
liquifl tvjistc from the bltiod^ the kidiieyji of lUffcrent animals furt by no 
me»n$ itomologou.'s struct iiies. 

Among veirtebrate?i there arc three khids of ncphridjial stmemres ser%'^ 
log kidjicx-F that difrer from cadi oLher not only in amirtiiTT and position 
in relation to the blood system and the cxcrrloiy tubc^j but also in their 
embryonic histor)'. 


The diree kinds of kidnc)% ^ named by the English cmhry^cJogiat, 
Balfour, are the f^miiet}hf^j of a few cydfiSioinesi the rruisoTicphTos of fishes 
and amphibians; and the metan^pkr&s of repuics, birds* and ntaminalq. 

The Iiighcr ^■c^teh^atea^ whose kidneys ure of tlic nlctanephric type, paias 
through preliminary proncphik ami tnejii^iiepliric stages before the per- 

jnsLEti^nt metanrphric stage is 
]-Gut Woll rmdicd. w frerj_uently the rase, 

comparative anatomy and onbry- 
oiogy liave stipplcmeiilary^ ami 
coiifinnatory stiirien to tell from 
iliffcrent angles ab^ut the Ramc 
Thing. 

1 he nearftt approach ntnorig 
inxotehrates to the verEcbraie iie- 
phridial appanirttsi* fmmd in the 
nepliridhi of man^ aiiiicUd wnrma 
(Fig. 3711, u-bicht hciwevcr, arc not ctirinetled togmher by common excre¬ 
tory' ducts to fonn excretory organs, like the nephridia of all vertebrates, hut 
ratiicr consbt uf rnctamerically arranged pairs of independent tubts. 



anrirUU 


Bipod 1 
—Glanduiaf Portion 
^ephroitomo 
-Coelom 
) Body Woll 

NophridioporQ 

Dlagnnn of a ncphriduim of cm 
wf^nn. Tlir ^arrinr nul of the 


anLmjit U toiTOid ihv kJc 


2. The Nejiliridial Apparaius uT Amplitnxus 

The nephtidial apparatus uf ampluoKm i» much like that of certain 
niariiLe anrirJids 3^2)* but instead of extending practically the entire 
length of the b^idy with a pah of prtitonephridia m every segment, as in ihe 
annelid wmms, ihc primitive pratuntpkridm of ainpliioxus are localked in 
die imterior part of the body thnjijghoiii the region of die gill slits. They 
lie soirrewhiu above the pharvjix near dir daraal region and may equal the 
gilL idiis ill [lumber. h;ich nephTidlirm is open cxtemallyt cmpfyiijg indc' 
pciulrntly iiim the pcribraiithial chamber i;itrbl cavity 1 smroujidmg the 
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gills, and tcramiatbig mtemaUy id Rame cells of the flagellate type. Tlicre 
arc prrsenl no cottunon cscTctoi> liucta for carrying away Lhe rxrrcLion from 
ilie nephridia of amphioxus, but the peri branchial chamber, wtih its a^ial 
opening, accoinpliahcs the same purpose while serving al the same time a* 
the avenue of escape for the water of respiration. 



Fib. 372. Eicrct>By luLulci of umphitMui. a. li jirtKl® pfotoncphiidiiun 
iliowiig; tevrrjl proccMcs, w)uVh lie in the cmIdhi, and the wigfe npat- 
ini;^ wlucH emptinf iuni the atrinl civity; n, one nepbisdial piocen cn* 
luiged til the grcriip tif ilaiue-ceJl-lllir soleiioeytev, each with i collar 
and flaB'lhiiu. [Froin Jicwmatt. The Pkvium ChordniA. copyright 1939, 
hy pcrmtivcon of 'The ^tormHlan CiiiiLp:iitv, puhTiihcrs. hlodihcdi from 
iioveri and GoDdriehi] 


Thuv the apparatus fur urinar)' rxrrrtirni in amphioxus a primarily 
concerned with rodtJimic drainage mther than with direct extraction of 
urinary waste fitim the blood, and it consists ncit of a single pair of organs, 
or nef/hroi, with their ducts, as in all true vertebrates, but of a scries of 
Lndepcncicm paired excretory tuhulc3 of the protonephridial type, rcseni- 
bllng those of some amielid worms. 

3. Prone plnus 

The proiicphrie tubules, proJirphtidia. are few in number and metiunein- 
calty arranged in the anterior part of the trunk region. Oriffinating a« 
evaginatiems of the roclonuc epithelium along the latcrnl portions of the 
firesciiiirfes, or cneli retains a ciliated mouth, or BrpArotfuirte, 

which opens into tlic tti-phrofoeie, the ruelomic cavity of this region (Fig. 
3731. ITic outer extrrmUira of the protiephritiia. endins hiiiidly at ftmi. soon 
turn ptstrriorly, gruwiite until they come in coiiiact with one another and 
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Fir* 373, Croas itctran dbg min sliowing pumrphiidtM I itagr of rLt 
atmorf s^TfrtTii, SiiKirs^-c plcimcnilt frci^iirallv fujir i«to i 

CJpiUiiry-inaia, fcnDwTi a glnirius Ncc fig. 374\ ' 


join together, douii each side tif ihr body, to ffirm a L<?niiniin segmenttd. or 
ItTonephnc, diict. This duct in eventuaUy rjEtended ptMteriody, niahJy hv 
additions from the codomic wall, to open into the cloaca. 

On the lijipcfiitc side of the tiephrocoelc from the ncpliroetamcs a capil- 
Iar> ridge, the giomui, fomu along the coclomic waU 
(Rgs 373 and 374), so that there arc two methods ol 
iihlaimng exi;rctor>' produets from tJic blued. They can 
pass first by dilFusion into the general body cavity and 
then into llie nephrocodcs or they can go direetTy fmm 
the cnpillanes nf the glomus into (he iicphroccicle. In 
chher instance liquhl cacrrtwty material is passed tm 
Lhitiugii the ciliated ncphrostomcs and pronephridia to 

Hg. m, RrrnTi- iht scgiTinnal ducts, which disfiQse cf the waste to the 
Oructimi of the Hut^idc. * le m me 

prajir|>hfoi of 

eri capsuling rcmnectii.'e tissue, like the tunica flb- 
nvi rtf the human kidney, surrounds and unilie the 
prRncphridib intij a drfinilr org^m, 

Tlie pn.iirphrT>i are best devdoped in cycIost<mi«», 
«herc m some species they persist thmughout life, aJ- 
T otigh replaced runctioiuiDy in most cases bv tnesone- 
^ P^™ or kidney, «Mhe second order. 

It B pmbable that in some myxinoids, Polist^tr0mu or BdflhHoma. for 
»amplr. .hr, ,rm.„n », the lifers t,u«i„n,l Thr, .!», prnia 
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structiirally in $omt teleosts, Ln other vcitebrates. particiitarly types like 
clasmahranclis iiod aniphihian!^ tliat have a larval drvebpmcnL, they put in 
a temporary embryonic appeai'ance and later vaiiiih. 

In the altark Prisiiurui there arc four pairs of pronephric tubules; in the 
clasmobranch Torpedo, six; while in the legless amphibian Caidlia, tet, 
pairs of pronephtjclia hold the stage for a time during early development 
Transient traces of pronephridia in mammab! have Ijcen described, one or 
Tiiort pairs even having been identified in early human cmbry'oft where theif 
n I a vTm i 1 m growth is attained in embryos of about d,5 niTn, m length. 

Although the downfall of the pronephridia seems to be universal, witJ, 
the possible exeeptlou of certain cyelofitomes already mentinned, the seg¬ 
mental dutrts arc more persistent and. as will be seen later, are mained to 
play an important part in the succeeding dynasty of the mesonephros, 
which reaches its maximum in hunian enibryoa of about Id mm- in length. 

4, Mesonephros 

The sccund type of kidney in the v*jtebralc succesrion is the nicrti- 
rtfphf0S, sometimes known as the iVo/0an body (Fig. 396). Like other 
kidneys this structnrt is made tip of ncphridial tubults, meioR^pftrid'ifl in 
this instance, that develop in the embryo from ncphrrjtomes posterior to 
thuse which form pronephridia and at a later time. 'Iliey are distinct from 
pmnephridk as shown by their relation to the excretory ducts and by the 
fact that both pronephridia and mesonephridia may he piescnt at the same 
time, 

Mesonephridia, which are miifh more numerous than pronephridia. do 
not generally show the primitive metameric arrangcnienl. The mrwt anterior 
are thp oldest, and subsetjvicnt additions arise pcsirriorly, 
They originatt bdqjcndcntly and connect secondarily with the paired seg¬ 
mental duetto that hold over from the former regime (Fig. 375). 

Lach niesoncphridinm primarily forks u< its imiei end. One brand) 
a ,1 dilated petitoned fwaaef opening into the endom. while the other 
end^ in a cn/mt/e associated with an independent glomerulus 

from the blwd system i fig. J76). .Additional capillaries devdup about the 
tube proper jomcwluit in the same manner as in the cicsc of the mamnialran 
urinary unit previously described. Tlius there are estoblL^hed two artnoes 
lor excretory collection, namely, the ciliated fjeritoncal funnel for drawing 
whatever fluid tnllects iu the body cavity, and die renal corptiwle and 
tubule proper for direct alrstmclifin front the blood. 

In the cyclostomcs peritoneal 1 tin neb arc retained tlirougliout the entire 
length of the mesonephros, whDc in some dismobranebs, ganoids, imd 
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amphibiimp iht mrirc rnitcricij fmineLs Art tKc only (mr^ to rttniiin open. In 
fither venehrmes pcjitrjric::i| hinncl? are for the most part oblitcraied 

When all pcrhoncal fiinncb driappcar. aa in miwt amphihian^ and in 
amtiiotes generally^ the body rarity hrrfime^ a chtsal ?mm bo far 

fli I hr blood KVBtrm ii lontymed, .md die periinnral fluid, with whatever 
rxcTrlory products may tie presmt in it* can c,^ape only like other Ismphatic 
fluicb through the blood diaimclk 

The messonephm^ fimrlion^ ^ die kidney throughout life not onJy in 
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(.'ytlr^Stomes, with ibe exception of ihc hagfishce already incniiQned ihat 
rEtaiti a pronephros, hul also in hsiies anil amphibians. It also serves 
temporarily as the kitiney for practicaJly all other >crtebrates until it is 
‘^npciBcdfil in turn by the metanephros, 

[n reptiles, iw well as in f.VAirfnn and Didciphjff among mammals, the 
mesonephros endures until some time after birth, anti in the case ol the 
lizard LnceTia, even until after ihe first iiihcmatjon. 

In mcKt immnialH the [inietitinal mesunephros is conilned to the embrv- 
omc iJeriod, although ocrasionally, os m the giiinea pig and nmuK, degen- 
crating so early that it probably never functions as a kidney at all. 

In man the mrsouephi™, or Wolffian Imdy, rraches ils Mgh-watcr mork 
during the second month of fetal life, when it appears as a slightly project¬ 
ing ridge on either side along Uic doreal part of the toeloni from tlie 
posterior ccrsical rcgifin to the pelvis, where the two ridges fuse into one. 

The drainage ducts of the mesonephroi arc the persisting segmental 
ducts of the vanished pmnephroi, known In their new role as ducts. 

Thus, if the whole mcflonefiros, whose accretinji is delivered through a duct, 
is compared to a gland, which it certainly resembles in a siipertieial way, 
there is one striking diJference to be noted between it and an ordinary' gland, 
namely, the duel Is formed tmfore the secreting pan is developed and inde- 
peiidciilly of it- 

When in reptiles, birds, and mammals the mesonephros dcgerieratra and 
gires way to the metanephrfW, many nf its component parts, m particular 
the ducts of eKcrction, arc salvaged atid utiliied for other purposes m 
neclion with the reproductive sysiem. 

The whole mesonephros, a much more compati anti imified organ than 
its pmnephric predecessor, is reiropirritonca!, usually fitting snugly against 
the dorsal Ijfxly wail, although in amphibia it projects somewhat into the 
abdominal cavity. 

5. Metanephrofii 

Tltc third and Ja.st type of vertebrate kidney, whkh replaces the meso- 
nrphrus in reptiles, birds, and mammals, is the metanfphrot. ^ 

its nephridial tubules, the meUnepfiTidia, alrradv descrilied as ^‘ijrinan’ 
units.” take their origin in the iitphmgenic tis^iue sunounding the posterior 
part of the WoUEaD ducts in the sacral region nf thr body, ventral to the 
sacrum and tintsal m the rloaca when this is present. ^ j> j 

The metanephridia are very tiumeroufi, elongated, and highly rnodificd 
hastnlogically, aa already indicated. They are not arranged mciamencally at 
any stage, and are maised together inside of the tunica fibrosa so that they 
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fomi organ^i^ p^rliciiliirly in miinimak^ mtirii iridcpcntitnt of ihe cocloimc 
wall than either proiiephrul or mesoticphroL 

111 pui^tion the melanephridia are pi^texior ti> llic last ntc^oneplindla^ 
ifcvtrlopiiig at a lulrr imir. A peritoneal {utinpl is no^er prcOTit, and conse- 
querUly at no da the nietancphridia (;oinmuriit:atc vvitli I hr coelom. 

■\s a result of thr ab?<nie uf llir fniirlrl branch of the nephridiai tubr^ 
ihc Crjnnectiori sviUi the l.iliwxl s\?ttcnfi, Tiiut i> the rrnal carpiisclc, appears 
to Ih' iit the hiind end of the tubuk and not oti a breiiich like onr aTm of 
a Y| as ill the mesoriephricfiinn. 
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Tig* 377- The rln-^oi nf a huniaa ciaiibry'Q of nbour tw'eniy-aix; day?;, 
showing q[ uirtcf. (After mrMld by Kjdbd.) 

Tlic true uretefi, uhifh sprout Out from the bases of llie WnlffiAU ducts 
{Fiff. S77), arr nut made river from something that has gone before, hut arc 
an entirely new pair of cxcTttor>‘ ducts. The free end of each ureter enlarges 
and pushes into the metanephric tissue to form the nmal pelvis and main 
collecting tubnlcs of the tnrtanepbric kidney. Here again the duct is formed 
independent of the nephriilia but in this case the duct grows to the nephridia 
instead of the rcveise situation which is found in the development of ihc 
mesonephros. Meanwhile the WViUTum ducts that have already serv'ed more 
than <3110 master, being slmm of their former excretory mission, arc: turned 
over lo the reproductive sj'stem to take on still another fiinctuiu as sperm 
ducts in I he male, while In the female they dcgmerale and p a^ out of the 
picture. 

In man the tnetanephros, or permanent kidney, assumes dominatire dur¬ 
ing the third moiilli of fetal life. Tile rrmatm of the mesonephros, as well as 
the mcfonephrk ducts, become accessory to the tcproductlix apparatus 
later. 

In the chaplet on the Reproductive System mare complete consideTation 
Will be given to the fates of all of these ducts and tubutes w'hich, atdiougK 
at first urinary' in function, become in many cases associated with the genital 
portions of what iv commonly known as the l^rogenititt Syttfim, 







CHAPTER XV 


The Preservation ofSpecies- 
Keproductive Sysfetn 


L THE SIGNIFICANCE OF REPRODUCTION 

The ifidJviiiuiil is the triunipliiiiii outc^ttic ef the ;i^-!nrLg interactiDn of 
all the mighty and intricfttc forces of rvolition. 

The various mcehanisfifis of metabolism thus far considered^ mcluding 
ihc integumentary, cireukiory. respiratory* and rjtcreton^ systems* 

sis well as the nieciliaiiJSTzis of motion and sensiitirm whirli are to be described 
ill Part III, all coQtributi: dircedy to the development and maititenance of 
the individuitL Xheir is indeed -(jnly <ine other concern in naitife of greater 
moment than the ufvteep and welldieing of the individual and that is ihc 
coniimiatiun on the lace of the earth of tliose precious product of cvtihition- 
ary travail ^vhich have *V'oii a place hi liic sunP tJfe must go on* Such is 
tiaiure^s tildniamm^ although no single indivitimi, even of Ute genus Iltnno, 
is of BO supreme importance that U cannot be spared. Individual die only 
to be nrplaced by othcra, and til ilic long nm this js a fortunaie provisioii^ 
since it is die fate of every orgoniBin, like any olher delicate piece of marhin- 
ery\ to wear out and hecome useless cv'cniiially in the nalunil coimic of 

evenly. 

To provide for the life of fhe specks by nepbtcmmt is the part of 
re prod iif lion. 

Fillini!: die gaps tamed hy the death of indi^idimb in the rank and Bk 
i>f orepm^may be rcganicti bs a mailer of rxirn grewlk beyond indhidual 
Ttrquiteimntf ai the cspeiwc of non-Jivm^ materials. The surplus thus g^ed 
may become detarhed from the ongmal organism to form a tie.w and inde¬ 
pendent indU'itliml. Excess (rrowth material endowed with the rapaeiiy to 
retonstnjcl a new individgul is termed sertnplaim, while the body from 
which it is detached is enmpow'd of tgtnatttplam. 

Organisms generally, which arc made up of these tw o kinds of materials. 
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icik^'queiitly leiiJ a tiniil life. The moit^ soimtoplami b mcvitaldy 
hcniled towiizds eventual deaths while the potentially immortal grrmplasni 
has opened up before it the pimibility of eseape froni death through rem- 
i;amation in a new individual life. 

The gfrrrnpjasm thus forms a which joins ^enemtions 

lugedier. Any particular organism represents not sonietliing neWp like a 
maniifaaured ardrk^ hiit the ultimate Eink rn an unbroken ehaiit c^tenditig 
hack into the evohitionarj* past farther than the imaginatipn ran follow it, 
fii this, way ihe torch of life is not exdniiuished but h handed oil. 

Af i>/ ih^ sp^cief, aji contraFted with tmiiitenauce <d the indi- 
%{duah is an unselfish altruistic function! fncqucntly accermpiisbed at the 
rxpr.n?«: oI indivitluaJ comfort, or even at itie sacririee of the individual lile. 

The dfective operadnfi ol the funeLkm nf reprpducdiut on ihe part of 
animals Lacking the abdiw to reason and uncontrolled by altruistic niotiv"e5 
iss insured by being grounded firmly in fundamentaJ urges and univiuiiial 
desiiiT.'k which ratty the reward of scifisli sittb^facti 0 n ivhile at the same time 
accon I pushing the altruistic end of providinir for others. 

That flower ol creation, moral man, in spile of the fact that hr is by 
iin mcatt^ ciitirely emancipated from thr effectivT liws of the jungk^ has in 
fronipanitjvdly recent evd Lit ionary tunes set up certain etliical rules to govern 
the operation ol ihr Lnciisptmsablr liinclion of reproduction that afr sonn> 
whal a I variant t with a life uf sclfehntasi. Mora] respunslbilUy docs rir^t 
worry animab. 

li Ls perhaps ijiotogicidly fortunate that man, although subjected to an 
owlay of 5i«ud re.araiiiUk. h still bfvmbarricd by the imhT:M7ijil rmn- 
pelliJig physiological urges with iheir rewards of sdhsh gradricaLitm winch 
gene fo safeguard and irtsyre tiir aJiruistic and sacrificial ends that result in 
the perpetuation of the 5pet|ci 

II, Mt mODS OF RF.PRODUCTKIN 

.Sext in 5pite of the popular impression to the conrnir>\ is not essentia! to 
reproduction, ^tany organisms re produce their kliid tis^^xually bv processes 
of uiif^iial fragmentalioii, hucLi an biidiJing and spore fontiatiim, or by 
more nr less equal divirinti intci {Vto^ as in the fejon of many proEozoans. 

The first event hi the life of any vertebrate, howe^■cr, is thr union of two 
higlily endowed cellfl. called rumiphed by nvo different ItidividuaU, 

male and female. The uiuliilerentiated cell thus formed is a ^"fertilized egg,"" 
or zygiil€, than which no other cell has so great expecLations. 

Tills is ffxofli ffprod^cthm and in dr^yiribing ihe mecl'cmisi]] uivulwd 
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nne should fmt al [ill likiitiguisli the csscntiHlly "'immortal grrmplasm"" 

(VVeiamfinrt) that bridges ihc gcnexations, from the ai:t:iessor>' istruttures 
which minis let thirrcto, bui are destined to perish wlih the life of the indi¬ 
vidual of which they form a part. 

III. 1 HE ESSENllAL REPRODUCTIML CELLS 

G^rmptmm, die csscmial matenal ccnccmed in reproduttion, ciiinsists of 
sperm cells and in sexual animals. 

1. Sperm Cecils 

Tltc detachable germinal units de* 
rived from the male individunl are 
spfirm riflb. Tlicy are {requenth called 
spfrm£ttozGft {sjfrrtnai 5 «d; nni- 

malj, an awkward and misleading 
w^oi'd^ cmliaUniiig the tustcirlcal fs^ct 
that when thc^e ccttiv wiur first discov¬ 
ered bv early micniseopistH, they were 
thnnghl to be tiny indcpcndeni paraamc 
anlinalsr. 

A iipcim re 11 hi order to produce a 
new itidividiml must always join forces 
With an cg 3 r celL It f:an never become 
an individual unassistcdx Such uninrlj 
hnwi-ver* h not indis.peii5ah|e in tiic 
case of the cclL w hirh ammg cer¬ 
tain invertebrates mav dcrvtlop [larthen- 
ogeiieticalliyi diat is, wilhout liie as^iM- 
^ncc of a TtiaJc sjicnn cell. 

"I'hc fipenn ccUs of diflcrtnt species 
have a ^hrmi^^nt spf^ifi^'ity hu" the 
of their ow'n kind, and atiimab do tmt 
bastardiie under ordinary conditions 
even thuugli their germ cdb mav have 
free access to each others as hi sca-watr-f 
lilt example, where a variety of different kindv of eggs and sperm me pre^^ 
ent. ri thi^ wert not true, untold coufuaon would result. 

I'hc motifity winch enables tlir active sperm to i^ek out the coiiipara- 
ti\Tly statkinar^' egg is aceomplished aniong vcrtcbratPS U the drvrlopmrnt 
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of a vibratile “tail, that sculb the rc!l body of llte ipcmi forward through 
a Hquid mcdiuiit. (Certain invcrtcbralcs, however, sutdi as some of the nenia- 
ifpdc Worms, araehnidsj mites, fnyriapoda, and man y crahs, liave amoeboid 
a perm cdls whieh Litcp to their dcfFtinatlori in contact wltli u auhstrale 
instead of swimming freejy through an intcrv'enlng fluid. Pish sperm do not 
lahr on an Independent nioillity imill dicy arc expelled irtto the water. 

Tljc details of ftruciurt tjf n typical sperm, together with an iiidicatiun 
of thr sequence of cvmti hy which it attains a highly specialiied locomotor 
form from its generalized embryonic .stuipc, are shown m Figure d7B, Cocli- 
errU has Itappily descrilHTd a mature sperm cell as stripped “like a Roman 
soldier without impedimtiiia." Its entire cyiitpiasm, indeed, is sacrificed to 
forming a structure devoted to carry ing forward tJlc “head” of the sperm,^ 
which is practicaDy only the nucleus containing the chtcimosonial bearers 
of lirredity. 

The numbers of sperm cells produced by male atiimals of different 
species is greatly in excess of the number of eggs fumbhed by enrresponding 
females. It has bent estimated by .Shipley dial in man, for Instance, the total 
rmnibcr of sperm ceUs produced during the sexual life may he 340 billion, 
while the eggs that come lo maturity during the iifelimc of a human femaSe 
will hardly exceed 400. 'Fills makes the ratio of possible sperm to eggs in 
humankind something like 850,()00,()(K1 to 1. 

Thetr is a enrTcspiinding dlvcrepaney in ff;e between the male and 
female germ relh, yrt it is a demonstrated fact that the egg and sperm are 
essentially equal partners with respect to hereditary chfomwomal deter¬ 
miners which each sex contributes to the mutual enterprise of a new 
Individ uaL 

The uiabitHy of sperm cetLs after detachment from the male likewise 
shows great variation, Haempel gives the dtiraifoti of independcut life iti 
water of the spefni of certain fishes, as follows i 
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According lo Lewis, human sperm may retain iicthity for three days 
after the death of the male, and if deposited in the female genital tract, fw 
a week nr more. 

The sperm of some hats remain alive and effieient from the time of 
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p^iinTig in autumn until the following springs when th<; eggs are ready for 
fcniii^iion. Among invertebriUf^i m^iy be cited the rcmai'kalile e^ase of the 
honey bee, vvhere the sperm from Lite drone may live in the body of the 
queen for over a year, 

2. Eggs 

‘Fhc ovu. nr i^mnphisitiat cells of the fmmlc, are lesn independent nf the 
Individual which produces them than the spirrm cells of ihc male* In many 
instances they tarry within the protrcLive body for a cnn.sidctable time after 
attaining potential uidepondeuce and may cvm undergo txlensivT flrvrlnp- 
tnent into a new organism^ as for instance in mammals, before forsaking 
the matrmal bijdy in which they originated, 

"r>ie fact That an egg h '*fertili7,ed'' by sperm and not pic^ rma has 
entailed the necessity for providing various additions to die egg cell itself in 
the form of stored nutrition and proteaive envelopes for the fortlvcoming 
individual that arc entirely unnecessary in sperm celb. The 
chier emergency ratlcin stored in the egg is yfitk, which reprt:- 
sent'i one of the earliest instances of “preparedness^* on record. 

The quantity of Fiich fntKl in the cgg.s of differenT speriti^ t>f 
animals varies all the way from a nieager (at droplet in cenain 
protoplasmic eggs tu die relatively enormoiw fnipply making 
up ihe farniHar yellow sphere in a hen's egg- The large size nf 
the latter is due to the generous suppiv of stored food material 
ajid not to the amnuni of living cytoplasm which i^ Utdc dJlTer- 
eni from that of much smaller eggs- 

In addition tw yolk, die cgg$ of turtles, crocodiles, and birds 
have a supply of albumen^ or ^Svhited* wrapped around the 
yolk that adds variety to the embryonu: bid of fare. 

The eggs of amphibians abo are covered with a gblrv' ab 
himiinous cnating, which h*is the property of swelling up into 
a thick protective jdly-likc envelope upon exposure to watcr 
(Fig. 379 }. This csplaitu why the total quantity of eggs whh h 
a submerged frog or toad layn all at once, enlarges^ and floats to the surface^ 
forming a mass considerably greater than that of the entire body w'hence it 
tame. Tlic eggs nf ti>ads are strvmg together like pearls, iv hilr fhn^ of frogs 
afid salamanders are in gelatinfnis clumps. 

Eggx dial are not shed direcily into water, nr do not iiridcrgi> prriiminarv' 
development into embryos within the shehering Ixidy i>r (hr rrmair, atr pro¬ 
vided with some sort of a protrctivc sheU. Thii niiiy be leather)^ or of a 
texture like parchment, as in many reptiles, but it is usually calcified, being 
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perforated by innumerable tiny air bole? tliruugb wfiich rmpiratiiiii 
place. Tlie calc3remi£*flidk'd egg oj the warm-bboded bird diffeis inom 
lhai of tii£ cold-blooded reptile bj having: 1 1 j a heavier tkrmrr shell 5(2; 
an air chamber at one end wiLhin the slidl (Fig. ,180); ami (Sj a gfeater 
amuiUiT of mipplctnetitary* ;di}iirtirn, a part of which develops into tJie 
chttlaiit, ihal antJiors the yolk at either pole like a twested guy mpe, pre- 
vcTiring undue nicchamcal diinurbaucc. 
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The clink» abo allows die yc^k, bearing its prerJous protoplasnuc disc, 
to lutatr within die slid! ^ that the disc is a]wa>-s on top ajid not presiicd 
against the shell, reg-artlleas of the position of the egg as a whole, .AiJ of these 
additional modifications of Ihe avian female germ ceU are devices called 
forth by the neces^ty of c^-lajing on land and subsequent incubatkiiL 
.\fter an egg has taken in a sperm and is "fcrtiliaitl,’' it m]uirm a period 
of enhanced temperatUTt in unii r lo begin development into an embryo. 
This U the period of mtubntion. Fishes ustially resort to warimT watm to 
spawn and tunJea deposit their eggs in sand where the heat of the sun 
hiLS aercess to them. Sea turdca, whose young arc liable to greater hazards 
d].in land tunica, come ashore and abandon on the friendly tioorslpp of 
sand and sun as many as l.'jO or 200 eggs, while .tlJigau,r> pib up a swampv 
tiesl of mttmg vegetation h, which to lca« their eges, the fermenting 
cngrndenng thr amoiml of added heat requisite for bringing ihr eggs to 
tiu? hutthmg pumt. Froijs' eggs, deposited in the sJtalbw water abnu ihe 
margins of ptmds in spring, rerrive the sun’s rays through ilicir transparent 
•iphcnt al jdly-likf envelopes which act like a lens m fmtismg ilir heat, tlnu, 
providing the neccfflarv' increase in tempera lure. Bird, build incubators m 
Ihr form of nests where thr lem|ieraiuie of their eggs is raised by means of 
contact with the warm hrKlics nf the parcivLs. 

In thafif the eggs of vci lebnitcs are tv-pically spherical, particularly those 
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of fishes and amphihians that are deposited in watefj as well as those of 
manimoh ivhioh do nui riit^uire a shell because Klity are not expo^d. The 
eggs of TrptiU’.% art usually elongated ajid clIipticaL while thK:HC of bircU are 
prevailingly oii'aj widi one end more pointed than the other so that they 
pack ccannnikaliy withiti the confines of a tiesl. .Most sea birds build shallow 
nests, rkpusltiiig their eggs either in peiilinii crevices or in flat riqxj^jed 
situatioiifs. consequently I heir taper so mtich that they dn not rdl away 
when disturbed, bur simply pUul about in a dreJe, remainmg safely in the 
nesLp 

As already pointed out. the ef;g by reasfin of the presence of yolk and 
albumen exceeds thr spcmi many times m sLae, The human egg [Fig. 110) 
i& %'ery^ small^ bvit oltlmtigh only about of an inch in dkimrter* it Ls 
nevmJieless 50t(Kin times larger iu voliunc than a single spcmii ^vliich 
measures scaredy 5 tnicra in diameter^ 

The of marine hshes are usually smiiUer and niorr numerous than 
those of frrsh-w^ater fishes, although dasmobranchs form a nutabk otcep- 
tiiin* as ihcy have the largest eggs not only of any 
fishrs* but also probably of any animal. Brans im¬ 
ports a speemien of the shark ffeeiificAiir gns^ 
that measured 4.2 meters in Imgth and weighed 
400 kilograms* frcirn which he took out of a single 
odduct 53 eggs of approximately the same size* 
each measuring 9 by II ccfitmicters and weighing 
about 50n grams. The eggs of certain Japanese 
carcharid sharks arc knovvn to attain the size of 
14 by 22 cendmeten, dirticnsions considerably 
cxt:ecciing the average of 12 by 15 coidmcim 
common to ostrich eggs. 

The numbrr of eggs produced bears a direct 
rdation to the chances for attaining maturity. 

Flasmobninch ELshca, tiie young of which arc 
bcjm alive and vveU advanced at birth ttiwards- ^ 
stage when thev can fend lor themselves, pirwince open m nhuw ihe embryci 
wh- a few eggs {Fig- ^^81) ► Prrvoet, for mstance. s-ifro«ndiiig the >o)k w^ih* 

gives four to fourteen ova as the seasonal output rtumiplme 

of tlic rlasmobrancli Torpedo mamiorata. The tciu}rtl.v (After Home.) 
nticklebacli, CoMteroifeus, which makes a nest that 

is guarded by ihc male, lays (rss than a hundred cg^. On the other hand 
the codfLsh, Csda^, whose unprotected eggs arc exposed to the countless 
perih of the open ocean, hroadcasta several miUicin during a single 
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breeding season. This etionnous output in turn is numerirBlIy low when 
compared to dial of certain termites atnnng the insects whose queen Uys 
egga continuniisiy at die rate of one per second for A year at a stretch, 
making a total of some 30 millions from a single female. 

Ascending the verteJirate scale from fiahes through amphibians (Fig. 
28), reptiles, and birds to mammak, there is an increasing procTsion for 
pamital care with a corresponding railing ujl in the number of eggs pnv 
iluceil that suggests the mathematical cumputatiems and conclusbri* of an 
rxptrt life Lmumnci: aLiuiiry^ 

V.'iicH eggs are supplied ivith a large amount <»[ yolk, the tTiibiyiis have 
the oppoilimity to reach a mure adcaiiLctl stage of development before 
hatching, but in the case of poorly piovisiomd egg? tliey must embark nn 
their worldly adventures vvidi less preparation, hiammaife whose eggs are 
practically devoitJ of stored nnurjslimrnt, attain the advantages of advanced 
preliminary development by the dc«cc of gestation. 


I\'. SECONDARY REPRODUCmT APPARATUS 

As already mdicated, eggs and sperm are the essential reproductive cells. 
They preserce and carey forward the architecture and traditions of each 
.'(penes, but in doing this they require a pbcc of abode, devices for 
bringing the germ cells together in effective uiiinn, and prinisioji lor the 
safe development of thr feitUi/ed egg into a new indJviduaL 'Fhese aids to 
the geitnpbism are a part of the somatoptasm (WeismannJ , or the non- 
grrminal body of the individual Frum the vtewpoinc of the species the 
body, or somatoplainn, may he regarded simply as a murtal vchicte for 
temporarily niaintaining and transmitting the immortal gcrmplasiTi. 

The pans of tJie twidv that are in the direct icmce ol the genu cells 
arc (1) gonads, or organs tltat house eggs and spicimf (2) ducts, or passage¬ 
ways that transmit the grrm cells; (3) apparatus of various sorts for facili¬ 
tating the vmion of the sot cells; (4} acce^ory glands; (5) devices for the 
care of the «^gs before and after fcrtilizatkitt; (6} certain rTidimcntary 
organs of doubtful utility; and (7) modifications of the body that diflcrcii- 
tlate male from female, and which may possibly influence sesual be¬ 
havior, 

t. Gonads 

The gonads are paired maffies of me^Nlenna] tissue (Fig. 382) that 
develop on either side of the mesentery in the aniero-Iatcral part uf the 
vTitcbrate body cavity. They become invaded by potential gam cells whicli. 


I he Pn^myatian of Sp^^cks 


455 



Dortdl 

Wolflfkin DikI 
M^lfwvan Dud 
Geni^ol flidge—p 
Body WoK^ 
Naphrtfttenie—^ 


'-Gicfnorviius 
WoifTiori Duct 
'Mullarkin Duct 
^ GanKisI Ridge 
C»Som 

Dorsal Mesentery 


F1«. 382. liiaeratnmatir cross iccts^rt ^cioas the Waltfiiin and 
ridR^s TO show the Diigin und relaiions of the Mtilleriim ducts and 
ttibulcs af the WnlUku body, i After Puhicill) 


like all Dtlier cells* are the direct lineal desccndaiit^i by mito&is of the origmid 
fertilized fnim wbir.h llic urganbm anise (Fig. 383). They differ from 
other cells of tlic btidy in retaining their (jiidilTcTicitiiated condition for a 
hitigrr tiTTie. 

CoTwdi that harbor fiitiin: sperm cells are called testfi, and those in 
\ihich egg cells an: embed tied, pnaries. Accorditig to m alm^ist univcrjial role 
amon'' \'ejicbrates. the testes and 
cn^aries develop in difTcretit indi- 
vidnaU^ that i»s the sescs are dUiinct 
Xrom each oiiier- 

1 knnily guciafk aTc ma^ive stnic- 
lures ihai do TUJt sJiow TTietamcri.sfni 
I ml in amphioxtis they aje arranged 
mriiimcrically along the ^ill region 
m as many as twrnty-^ix pairs. The 
largest pairs arc m the niirfdte Nvith 
others decreasing m size at either md. 

Altliotigh superficiahy alike, the 
arr distiert. 

In most vertebrates, liowever, there 
is not more than a single pair of 
gDiiads^ and cmuicfltiently mctantcrkiri 
or segmentation^ so characteristic of 
many iirgans, disappears. In a fnv 
vrrtchnitcs otily a single gonad is pres¬ 
ent, cither as the result of the fnisioTi 
of a pair as in the lamprey eci^ or of unilatcrat degencraticm, os in the hag- 
fi'ihp and the single left tivary of most birth, ^vhilc freeiucady one ol a pair 
of gonads will be smaller than i.t?^ mate. 
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The germ tells, the citsdnetivf features of gonads, arise from embryonic 
aicloarim and migraie into the genital ridges. 

The .,hap of gonads b in general hilluenccd b>' .he bod> form of the 
animal to which they bdoiig. Thus, in the wonnlikc aniphibiim. EpUrinum, 
diey r^emble a segmented chains m urodcles they are long and spindle- 
s laped. and m fmgs ainl toads, oval. Among reptiles it b cusy u, distnigubh 

the gonads of the short wide turUev frtim tht»e of elongated snakes by 
shape alone. ■ 

During the breeding season gonads, particularly those of the prolific- 
fohes, increase ei.ormou.dy b size with the multiplication and growth of the 
kt mi cells, ITn- gonads of males arc alway's more compart otgans than those 
■It the corxcsprjading females because of the difrcfetiee in size of the genii 
cells iluii arc coatained in them. 

« - T«ilca.-Thr fejio [itTih. witness) are so trailed bccaiae In former 
umn hands were placed on iJirse impuriant organs when “testlfj-ing" under 

iTiey not only harbor sperm cells but also produce intmial secretions 
or which are concerned with the drvclo|nnenl of tlie so-called 

secondary th^aacn tliat differentiate a male in appearance fr,im 

A testis arises m a getihd rid^f along the virntre-medial border of the 
mesonephros, nr Uyiffian body (Fig. 362). In most of the lower vcrtehratin 
It maintains an mtiniale rektbn with the anterior part of the mesonephros, 
that uj this region loses its original excretory function, bcconiW 
formed mto a useful areesmry fcpmdnctlyc organ, the epididymis, ihronirh 
which the sperm p,i.-is on their way to the spixm duct, F.ven higiier up 
among niammab the cpLdidymal portlun of the transienl mesonephros is 

ptef^irvetl os an integral fkirt of tlir repnodnrtive apparatus in die male. 
The entire atnicimc becomes rudimentary- in the female mammal, bring 
r.-iiresrnted only by uiicicss rragincutary remuirw that, like degenerating 

organs gencralty, are frequently ibi- feii iui for cystic formations and other 
palbuli^icaJ troubles. 

Boll, hlnrri twb and neixxs reach the irstb belwrrn Juyers of tissue 
contimioiis with the pen lone urn. thus forming Uic nitforckium. wbicli $cix'« 
as an anciiortug bndgp hetivcrn the body wall and testb in the same wav 
that the mcivn.ery iicr>'es the unestine. 

TdooM fchr, f,™ , 

cncB of ,l„ urp,™ ,.p«, ,]« „,ph,idi^ »ppar«u^ for il. 

ihciii Ihr Itsnr o mliitlj tmaiidpiK-d from die imsoronjlm*, with no 
altcnd&m epididymis. 
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The compaeit tcKtcs uT manmuls are ^nerally somcwhal oval boctln, 
e»i<^k]fied In a dose>flttin^ capsular sheath of connective u$sue» the funicu 
tdbuginea. outside of which, on the free ocpoAcd surface at least, is a lawr oI 
mesothdium, the visceral layer of the iuftita uagindis, homologoun with the 
pciitoricum that lines the body cavity. Underneath ific tough tunica albu- 
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HLitohgt, copyriidit 1344. by pcrmlteion of F- BUkMtoil’'s Swti and Coni' 
pany, publidicrsL After Walcleyer, | 


ginea tr another layer of locker texture wdl supplied with blood veaseb, the 
(tintro vascutoia, Farttttoiis of connective rasue extend from the tunica 
albuginea Iroitj one side tn the other, dividing the whole testis into wedge- 
slmpctl rorapartniciits (Fig, 384) within which art lodged rfit seminifenus 
iubulet that product the sperm cells (Fig, 385). Two sorte of cells arc found 
within the walls of these tuhiiles; first, the ,rappnrtitig ami possibly nutritive 
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SeTioli cells] and wtond, the primordial germ cells, or fpcrmatisganiHi 
dcstbied after repeated tnitoBcs to give rise to the sperm. 

Between the tubules tlicrc are blood vessels, and stiil another kind of 
cells that form the endocrine pan of the simcturc, namdy, ititeislUial cells, 
or die aoHzailed “pubert)' glands” of LcydJg, 

In man the semUiifemiis tuhulcs [Fig. 38+), of which there may be 
several hiifidred, arc wry much kinked-up for die mwl part uf tlirir length 
itubuii contorti), but tiiey simightcn out {tubuli recti) as they focus 
together at the inner side of the testis; A single convoluted tubule, occupy¬ 
ing ortliiiarily a span of not more diiin one inch, stretches out when 
uncoiled to over a foot in length. 
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Tubuli cojjtnrti pass over contkuinusly at their innet mtls into tubuli 
recti which anastoniose together into a network of tiny passages forming the 
rete testn, frtim which ctticrge other continuous tubules, ducttiii efferentes, 
that pas through the epididymis, eventually reaching the sperm duct, or 
ductui defereiu, leading to the miteide. 

The original anterior embryonic posilinn of the ttslis within the body 
c avity is by no means always main tamed. There is an cvolutintiaiy tendency, 
particularly among tnammaU, for the testes to migrate backward during 
she ro'Jisir of development. In the higher animals this tendency la carried 
to So grcaT ^ji extreme ihiil the icstes forsake the prntccticm of the body 
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cavity mlirely and coma to hjinij outside in a sac of outpuidicd skin and 
mus€;lc kiiDivn ax the ffrofum (Fig. 386 ). 

•Actording to the degree of migration uliich the leaU's have undcrgciiiEi 
animals in general may be Ecparjited into tliree groups as follows; firat, titosc 
in Vi'liich the left tea femain within the confines of the liody cavity; secondt 
those in which there is a temporary dea:ent during periods of sexual activity, 
followed by a withdrawal into the body cavity; and thini, those with a 
pcmianent descent into the scrotum. To the first group belong all verte¬ 
brates bcli>w the rn.atumals, and among mammals, mnuoiremcs, many 
in.'iei^tivprts, coiifys, elephants, and whales, In the second group ate many 
iTKlctits, some in!*eclivort'j, civet cals, otters, llamas, bats, camcl$. and certain 
apes, 'lliosc with a pcniiancnl descent tif the icsics after the fetal period, 
include mariupiali, pimiipcd.'i, and mon taniivorcs, migobiT.-t, and ptmi.ilii. 
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F(j. 386. Three itages in the descert of the itsics. iAfter Patten.) 


The tertes lie within a cavity in the scrotum which is homologous with 
the body cavity of which it wa^ originally a part. As a result of this peculiar 
development there is a double layer of enwrapping peritoneum, or tunica 
vaginalis, about the trst«, one the pacietnl tayer lining the scrotal coelom 
itself, ami the Other the viscnal layer which is renected over the surface of 
the testes In dose eouuct with the tunica albuginea, as already mrntinned. 

The iaguin,^ canal, » continuous passage-way between the abdommal 
cavity and the scjoIpI sac, remains open in three mammals subject tet a 
temporary descent of the lesus. It is always perviou,** also in romsupiaU, 
altlmugh in other mammalfs having a pennanciii descent it ordinarily 
becomes clodsed. ThrouRh it runs the JpermafiV cord ctimposcd of arterie. 
veins, Ivmphatits, and nerves in addition to the Ourtus deferens Jtsdf. As 
in the Ciise of all alidominal organs, the testia and these sirmrtuna m the 
inguinal canal am all cxlra-corJomir, i,c„ outside the rodoin. 

ITit ivali of thtr acTcitiiin essentially the: same tht rki^lghbfTrlng btirfy 
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waH rxeept thiil the skin is more lii^lily pigmiinted and has a looser sub- 
cutaneous tayer, and a greater supply of sirujodi muscle cells thatJ the 
.skin ol otlicr parts of the i>4jdy. 

In mail the descent of the testes ordinarily occurs shortly before Ltrtli. 
Instances occur where iJic testes are abtmrm;ilJy retaljied within the body 
cavity, nsulting iit ayplurrhisni {cryfUoj, biddenj or, hit, testis;, but this 
tinusuai stale of afTairs has u perfect cxpbnadoii In the light of comparative 
aniitomv, 'Ilic tapir and rhiiificcims have no pendulous scrotum, alllmugJi 
tlir tt^stes leave tile bidy cavity and come to lie in pockets dose under 
the skin- A similar anniiialoiia condition is seen in some llalfishcs | Plcuro- 
ncctidacj, in which not only the testes hut also the ovaries are crowded 
out of the tmmprd r|iiarTcrs of the Ixidy cavity and find a haven in pockets 
"extending backwjids into a kind of concealed scrotum iietween tlie integu- 
mcxiE and muscles on each sidf above tlie anal fm." (Owen.) 

Why the irstes of thr highest vciiebniles, with their precious contents, 
should push out the body wall into aacroial sat and hang over the edge of 
die pelvic liotics in so expuecd a situation is not at once apparent. Certainly 
the outpusldng of the bt>dy wall by the protruding testes leaves centers of 
stmctui'nl weakness that entail liability lo hernia and frequent attCTidant 
iroutiles. Studies by Moore and others seem to indicate that temperamre 
as high as that normally maurliiliied within the mammalian body is some* 
what detriment ill to the functioning of spcrmatcs;;oa. The descent into the 
scrotal sac is a device wlicreby the testes are exposed to a bwei' temperature 
than tliat within the body cavity, thus favoring the development of the 
sperm. In the case of animals having a temporary descent of the testes 
there is delayeti dcvelojimt-nt oI the sperm while llir Icsies arc retained 
witlun the bcHly cavity, This theory also accemnis for the frequent ssteriiity 
that accompanies crypturchbm. It does nof explain the production of sperm 
by avijin liatis, located in the body cavities of animals maintaining higlirr 
bodily tcmpcnittirca than do mammaU. 

ib) Ovaries,—Ovaries, like testes, arise as genital ridges and axe 
"dands" of double function, pnoduemg tells, or flt'a, and endocrine serre- 
liom that axe distributed through the blood, fhey may lie simply attache a 
to the peritoneum, or rncapsuled wlien they hang freelv in the body 
cavity. being connected to die liody wall by a nwnmnriwm, hnmologtnis 
with the mrmrchiiim of the testes. They m.iy also Iw embedded in tlie peri¬ 
toneum, as in the rabbit anrl rat. 

jksvmnrctrical dcvdoptiinil of the ovariti appear* in some elasmo- 
branrhs, partirularlv nf the famiJIw Trygtuiiditc and Mylinh.itidae, where 
the right ovnry is fotred to make way for the intestine with its extra large 
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bultj' spiral valv<!- Some of the bony fisbtSp for ctxiimplc the perch Prredp 
and Llic curioiiii lilllc -^and-lancc Ammodyta. show a fusioTi gf the two 
civarlrs iniu one, while hi Mormyrus Myrhynck^ts (d the Nile, and stanc 
fjtheoij only tlie tell twary' develops. 

In birds also only a single ovary develops (Ptg. 3B7i. the left one behig 
the rmc that is ‘left ” nlthoiigh ;i few- birds, snrh owh, hawks, pigeons, 
and parrots sometimes ahmr remains of the fight g^Tiry* 

Tlie advantage resulting from \hc single ovary in birds may have to do 
with the dfiiffiic cJimhiatioii of ttn- 
necessary' ballot in adaptation to 
flight, or p{»$sib1y witii ilic ^afe nm- 
iiipulatioTi of large egg^ tvith break¬ 
able shells. Only a single gvtdocc re¬ 
mains when there is a sdngle ovar>> 
but m the case of two ovaries and 
two oviducts it mi^i well prove dis¬ 
astrous if rgffk with fragile break- 
able slieUg should approach tlic Jiar- 
tnw exit skle by aide at die same time^ 

Ovaries of ela-sniohnmehs^ croco¬ 
diles, turtles, birtbi, and mammals are 
more dr kssi solid in c har aetec. and 
the eggs that are crril>rddGd in them 
dehisce through the periphery directly Into the body cavity to be pirkrd up 
by Llic open ends of the oviducts. 

Amphibians, lizards, and snakes have sacrnlar ovaries which are hollow 
within, but the eggs still break ihtough the outer walls, arriving in the 
oviducts by the indirect cocbmic rniite. 

The ovaries of many ItieusL fislics. that are likewise hallnw, form an 
apparr^nt exceprion. In rliis case the eggs collect mthm the oy^na> and pass 
directly mio an orarian sac from which on oviduct conducts them to the 
fnirride wirhoiit thdr entering the body ravily at all. As a matter of fuel (Jie 
apace within the ovaries and tliat within the ssic arc U>lh artijally shut-tnff 
portton^t nf the origins] body cavity- 3B8 and 389)^ The ovarian sac^ 

formed when the vimind frer edge of ihr genital ridge grows laterally to 
join the body wall and dim olT a portion of the body cavity, extemb 
paHtrriurly to attach to tlie anterior einl of the short oriduci and pn>vidr 
an Indqjcndcnt communicatian betw-ceiv tlir sac anil thr uiitside. In several 
families csf tel costs, in which thcM! saca do not dcvelgp, thr cg^ are shed 
ttttn the main body lUivity from which die oviducts cairy theoi to thr out- 



Fig, 3ft7. ani.inv of a fcnulr 

bitti rlic aingli; left ovary from tlir 

dotTtAl Ride, fAfrer R^iiile.) 
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Tjj;. 388^ Dtji^ranTrnntie sectlotii showfing dfrclc^pmml of dtsed ova flea, 
A and iL, Cabhh; ^nilol fold free m fu^rd to cokoiTtic v:'A] m p, 

n and d* ^rrrinNi^ o^jcn In and eloped h? ihm i^hkac Uccciino 

jnirmat caviiy ill Ji. (a jtiJ b, afitr Sdutrldi:!'; t and alter Jungcfs^.) 



Fig- 300- Diagrami of Jonalc urogetiliJii durti in trlfoiti, a, a irlfrfwl 
wjih a closed ov^ac; s, ^■fth a ebori oviduct opoiing Inio coolum 
by a i&Tgc fmiJiei. (After Goodrich and VViifcorJ 


side. Iji qH cif tbese cases it b dear that the eggs arr inrhidcd into the body 
tadty nn the way lo ihr oviduct. 

Ttic garpiker, t^pidosirm^ abne nf tlie gaaoid fishes follov^-s tlic tclcost 
plan. Othrr ganoid? have open o%idiij:t? atid "solid” in-arJe^ 

During ihe bfrtilitig MraMin The avaru» fishes becotne oiiigjnrgrd wElh 
rgs?5 and increa^ tjiCinriou^ly in size, until they may e<]iial as much ^ 
lAvcniy-fivc or thirty per con of tltc iiital body weighs. 
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The cavit)' of fhc saccular amphibian ovariis |$ lymphoid in character 
and is not comparable with that of ideosis from which ii dilTtni funda- 
mrnially in urijiui, its lumen having Ireen hollowed out sccuiuLirily instead 
of rcpn-sciiting a portion of imprisoned body cavity. 

In turtles the ovaries are symmetrically disposed, hut Msinnietry in 
position appeal^ in iijtarda and iTccomes qtiitr pTOnoiuiccd in EiiiLkes, with 
ilie righi ovary placed in advance of the left. 

The ovaries of the diuikbiil, (httiikorhynchus, owing to the few brge 
projecting eggs which, they contam, am somewhat lobulated, resetiihling 
a bunch of grapes,” while thaw of most other touuiiiiuk are rrbiivety 
small, round, and smooth in contour, being enveloped in a dense byet of 
iihious tissue, the /tinufl /ifftHgifli'u, Underneath tliis byer is llir cortex 
which is die general seat of the ovh, while tire inlerior liwuc cuiisritutES 
the medulla, or vascubr region of tlic ovarv'. 

f KcrmaphriulitAm,—lly far the gmaicst number td all vertebrates 
are ilioedaus f J/. two: oikos, house), that is, the ovaries and tR,tcs iuv borne 
by dilfeient ini livid uaLc, Uicre are a few instances, however, of hermaphro- 
liitiim, when the two i llerfuei am! ^l/iArndifc I are combinetl in a 

single individual, a condition not imcommon among imcrtebrnita, that by 
rcioion of isolation or absence of loco motor organs need to overcome the diili- 
cujtics attendant upon pairing. For example, the seta btu£, .SVmnwm sefUjU, 
is regularly hcrmaphTodJiic and sdfTcrfili/ing, wliile another cKceptiunal 
telcost, ciirywphrys auratut, is reported as a protandroua {prot-. first; 
andr*. main hcrmaphitKiite, being "first male” and afterwards female. 

Tfie unpaired gonad of the hagfisli appeal? at timcii to produce 

sitertn, and at other times eggs, while the larva! ammocoeics form of the 
lamprey eel, acrordingto l>uhos*ih, shown hermu-phroditit gonads ui iwcnlv- 
five per cent of the c.ases. 

Occstsional hermiipbTOclill'ffn has bwm observed in ojdfisli, mackerel, 
and herring among bony fislies, as wcM its In the Alpine new% Tritoa, and 
in frogs and tixuLs among ampliibians. 

Instance of arM’alltd human hermaphrodites, cited in medical litera¬ 
ture. usually refer to abnctToiah'iirt of the t-.xtemal genitalia rather than tu 
furtctional ^mads. It Is extremely doubtful whether there is any .luthcnlic 
case on record of a human licing that lias produced both eggs and sperm, 
since die evidence in supposed insuinces lends to be extremely ohsi iiiT', 
id) Giuiictngeneais.—‘tlic fcTiiliacd of any vcitcbnite, when ready 

TO give rise to a new individual, b composed of gcrmplasm laden with the 
hereditary potentialities of the specits U» which it hetoogs. By a FUiccssifiti 
of innumerable mitoses this original cell soon becomes a mass of daughter 
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cells from whidj liir ^matopl^mi or ihc bcxiy of the inillvidiml^ is ebl> 
SomewUere earl> Li vhe scries of cdl dm^Soas there comes a parting 
of the Wily'S between reserve germplasm and somatopla.*™, whereby one of 
ihi: two cell‘d rtinjhitig frum a mitotic divisjon h stt #issdr Ui tarry' on the 
traditiom of tlic taetj while the other continues in the stmci: ol the devd- 
opin^ mdividual ff%- Each of tbeic two kljids of ancestral cdls^ 

partirulnrly that of the somatoplaimiic line, undergoes countless sabscqucnl 
nuto$cSi with the irsiiit that the two lill^^s come to differ fundamenially 
acCordimj to the pnrpnNc: for which thev arc destined. 

The germ plasma I cells find ifanLtiJitTy in the g^ ktuids w-herr they rcmaiti 
pmclirally unchanged until puberty^ ihat until the linie when the indi¬ 
vidual that holils them in trust arrives at sexual maturity. They then awaken 
into activity, fpllmving thr prolonged dunuiuit jxrjtod^ and by a series of 
transforming changes becocne mature apenn and fii for union itiio a 
zygote or FcrtiUzct! rgg- This pnycess uf preparadon is toUed ^nmefog^nesis 
numitig cdl^ nrigin 

The essential process in the final differentia don of the sexual ^erm celb 
is t!ie dimiiiatUiii tj half fsf I he idiromosoiuai material bearing Uir heredi¬ 
tary potrjidaliijes from the imclcus of tlir rgg or sperm, so that iijuni the 
union of the two germ cells the number of chruinnsiimat units proper and 
characteristic fur die xprciri^ in qursfron will be restored. Thl^ 
ffrocm has been desirrihed m Ckapter VT. If thisi TeduriUm o/ lAr fhmmrr- 
sr>7n€$ did not occur before the fertilizatlnn of the egg, there would be a 
doubling nf thfomosomrs id each generation winch would inevitably upM?t 
tlir tirrcssary' machlnerv^ of mjtoql^. 

The transformatJon of iptrmurQ^oni^^ or primordial sperm cdls, into 
mature locomotor sperm having half the original chromcisuiiia] ermtenia 
ficcufs within the testes hi the walla of the tnbuli contoiti (Figs, 384 and 
ihe origin of w^hich must lie aemght in the anbryo. 

The embryonic genital ridge tui cither side between the mtaonephros 
and the mi3(cnter> w it bin tlir body cavity is eompuHcd of a mo-ss of mc^o^ 
drirnal cells ihut foirn the tcst«. ^rhe ecHs on the ouisidc of this testicular 
mas& facing the body easily arc Jirrangcd in a layer ol epjlliclinm which 
fiecomea iiiviukd by the primordial g^rrm ceUs, 

By repealed ftdto?*rfi of cells in this Miperficial layer, cordlikc tcllular 
mutosea push down Into the uiicMeretiikteil cell mass of the teaica, ThfW 
.‘w^dtd rcllnlnr strands later hecotne hollowed out Jonj rnormnnsly elongated 
tr> form the differerii tuhuli of the icstrs* in the walls of whkh arc lodged 
the speroia logon ia. 

Tlic tw-arv dev'riops from the geiiiia] ridgr in the female with a rintilar 
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outer stradijcaliaQ of cpithrliiini In ^vhich are certain germplasmal eerily that 
in manimak proccetJ to pro! if crate di>wii Into the mbstaittr of Uic trt'ar\' 
aa cdiular masses, called /’/fiifjer't curds tFig. 35tO}. These cords, fujvxevcr, 
dll Dot hollow out in die manner of the rorrespondiiti; structurrs in the 
testes, but instead fotm piliitlfi. Kach foliiclr Is tJiaractmKrd by liic presence 
of a central primary' cell, or onum. sunoimdcd by numemus follicular erlis, 
which later may be sacrificed as nutriment for the cannib^ilistic egg cell 

Within. 



Fm. 3n0. OSgcncits. TIic genesis the ovnri!, w'llliifl ifce Graafian 
follicle In tlie avan, U intfieatetl by rhe sucemsivL' numhen (.yter 

fioule.) 


In mnnimabs the IpUlcular mass, as Graapan fttttide, becomes iioUowcd 
out and filled with lluitl so that the developing o\-um is praciiciilly sur¬ 
rounded by a douhlt wall of follicular cells, like a lighthouse oti a pejiitisula 
that projeebr into an inland sea. 

Tile Graafian foUkle migrates as a whole from its embedded position 
and gradually crowds to the surface of dir ovary where it bulges out as the 
lluid filled cainty increases in size. EiiaituaUy the wall of the follicle mplurcs 
and the egg is cxiriideiJ fiilo the body caiHty. 

The raiity of the ruptured Graaflnn ftillidc immediately liecmnefi filled 
with a blood dot, the carpui hnemoTThti^icum, which in turn b gradually 
invaded aiitl replaced by peculiiir yellow lutein celLi, making the c^rpuf 
lute urn. 'I’his periodically recurring mass ol rrlls hav an important cndocniic 
fuiiction, that will be referred to again in the following chapter. 

Evcniuidly tin; coqjui luleum i* ohlilcralcd by an im-asicjn of connective 
tissue, leadtig a scar on the surface of the ov'Hfy, the mrpiri n/himtu, width 
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of the 


all that rtmaiiis to it\l the ston‘ cif the prigln nf a manunjiiiaii egg, 
Successive phases of the devdopmeot of the Graafian follicle in the mam¬ 
malian ovarj' arc shm™ in Figure 390. 

2. Ducts 

(a) Disjiosal nf Gainrtcs.—The body cadtj^ may be reganJed ?ts an 
expanded gonadal sac^ since the se?t cells come to matmit)' on its inner wall 
and arc shed into h. 

Tlictr aiT at lca*ii ihirc general way^ among vertebrates by which the 
lEiitlure ^aineto hnuUy escape to chi: outside^ naiTidy> (I) through pores in 

Liic iKxly wall^ no duels being present; (2) 
through ducts ccmtuiiM^u.^ wiili tlir gon¬ 
ads; and (3) through ducts nor continu¬ 
ous with the goruuii and for the most psirt 
takru over tmm tile rnewnrphridia^ 
apparatus. 

The finst of these avtiuies ol escape is 
seen m amphiuxui^ whoitc gametes are 
cxrrudcd into the peri branchial chamber 
and thimte oat through the wirtu/ 

Jn some cydostumes ubo^ which reeeite 
cgRs and sperm into ihe bcidy cavity, ab- 
dominid fumisti an exit tlimugii the 
posterior pan nf tJir b^dy wall into the 
uTffgenitai jffli/.? behind tlie aiuis i,F[g, 
391) r Tliesc pores arc iMialh paired but 
may\ m in Peir^myzon, prsent a sitigte 
opening through a pr<i|ecliiig papilla. Hic 
metliixl uf tlbpcji^il rd se% relU through 



Ftg. J9ti PrTnje|jiiridiiil stdgt nf 
certiUtt Fi?an4lc rcjifC' 

feiued mi iIlc left; uide du ihc 
nghc 


dHiomiiuil port^ i\ ab<i uiUii^ed by a tdeos-t fishes btlDiigitig to the 
AngnillifmTn^s, (he various types of eek Here, however, it is cvideuily a 
Tjr.gciU'ratc cundiLioit. 

Many Iclciisi fishea employ the second mrthod of gctm-ccl] disposal, 
that is, by moms of direct duebi that arc condnuous wilh the gonads, l^he 
ovu iirvt-r enter the main liody cavity but pas^ out dhcxitly through duct^ 
iiTiited w'itJi ovarian saca which cutirdy itivt^t ihc gonacb (Fig. 389), It 
ivill Ik' recalled that the cavities nf tliew sacs are pinchcd-cifT portions of the 
original main body cavity, ^i|lcral cells are CHarried frtun Hie lestl^s to ihe 
iin^geniial siniii ljy a genital ducj which grown hiirk fram the testis com¬ 
pletely independent of the mcsonepluo^ (Fig, 
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Tht third metliDd, that of indirect dnrt% b by f^r the most common. 
In closmobranchs, dipnoans, amphibiareptilcs,^ hijtth^ and itionatrcmc^ 
thr duct:^ opxrn into a but in mammab other than fnomitfrme^ 

directly to the outside as a result oE the longitutUrial ^ipiittiug of the ebacat 
rc^on into a dorsal digestbr portion and a ventral urogenital passage-way. 
trcncrall> in this third gmup the spertn, never entering the body caviiy 
at alL reach the sperm duc t indireeth lifter passing through the long oon- 
voltiled tubulw of the epididymis^ white the eggs always enter the body 
cavity from the uvary and are tEim picked ufj by die open enth of the 
unccinnecieci oviducts for transfcreiMie to the outside. There is, therefore, a 
fundamental dificrence in ihc dbpusal of the germ cells of the two Acxes- 



Fig* 392 - urLipenitRl organs in bony Etlies. a, p telrost; s, Fr&to- 

pterm. (After Goodddi Mid IVker.) 


(b) Spron Duels.— Esc tusiVC of the tclcoste tlsere is an intimate rek- 

tioti, particularly it) ilie male, txrt^veen the aucts that disjjuse cif the sexual 
pnxliictst arwl the tncsonepliridial sji'slciT)* It will be rentcmbercil that the 
segmental durw of the pruiicphroi [Fig, 391 j remain after tlic proncphridiii 
have been leplaced by niesnncphridia, to become the mesonephric, or 
IVtflffiatt ducts (Fig. 393). Tliesc ducti not only ilrain the mtsonephroe. hot 
lit the case of male elasniotranchs and amphiblaiiB they also sene as spcmi 
ducts, for which reason they arc properly designated as urogcntlal ducts. 

The connection of the urogenital duct with the lesria is aecomplBshcd 
tlimugh the metmephridia of llie anterior part of ilie mesonephros, Icnow-n 
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as The “sexual ki<iiic>v” ^ epididjmh, « distiugiiiahed from lie poeitenot 
part, or “urinar)' kidney,” 

111 miilc reptiles, birds, ami maminals onl) the sexual kidney remaiie 
functiotmJ as die epiOidyinia, while the imnars' part of the mcsmicphms, 
lK:inR repiaced by the pcrmaticnl mcunepbnt kidney, hevomis degenerate 
(Fig. 394 1. The Wolffian ducts, however, persist asstKrm duets cxcltwidely, 
in the guise of thr dufii drffTfnM, or v/uu. deferfinua, while the urinan 
prmtuctss of the nictancphriis arc iHsposcd of through independmdy formed 


UTftm. • ■ u 

After le;«Tiig thr vvalLs of the lubali coniotii m which they are on^jatly 

embeddet!. the sperm ceJh pass through the tuhuli *ecti. I lie retf teStU, and 
ductuli a^tfrenies to eniergr into the epididymit {Fig. 381 >. na< latter is 
essentially on organ made up of several tpididymal iMei. nr crmiu/ m«i^ 
nephridia^ and a very mndt coiled part «f die W ollTian duct, the ductut 
fpididymidis. In leptilcs the epidid’ymidi* h itunciimfn even larger ihan t ic 

testis itself. . -j- i ■ i, 

Tlic tubules in the epididymb arr transformed mesoncphridia whic 

have lost their glomeroli and acquired a Mootidary connection witii ihc me 
I«U» ilitmigh thr fo^caUed junclimtd cords ai cells Hint laier l«comc luJ- 
lowed out as the diictuli rffer^ntes, making a coniinuous tmni 

the tubuli conttirti in the testis tt> the outside. 

tn mat! the epidiilymal tubules, of which them are from mnr to fifteen 

in ench epHUlj-mi.. .« v^rf "«*di f"™ •*" 

«nin,. nr ..(..1. nt Ot .pidi<l>'«&. Th.,’ .till nmpt. <•>' 

Wnimnn inr. «. ttey diJ brf.». bring 'r? “'i"”'’';;'*: 

trAnrirrmd ,» ,hn -rvict nl U.. rcpnrinnivc IV- of tbn 

Wriffinn doc. h nfcn gr»tly .-nmnlnlnl and coUlUnra A n.^ knnm » tte 
ginbn. nnn... nr rood., of .hr rpi^djrnis. F™™ .be 
Wniman due. cmrrgM » Ihc dorliu dr/errw. The Himr \Sn tfon dm. .b 
nnn.. .nxording ,» l!rwi., b nhnn. ,wm., te In tmgfh d “"{J, 

Whrn Ihc iiifimMun.] »« nf thr human ^nn cdl «. l^tn min co™ - 
linn. it. janmry ... dm ..uuide woihi fmm .B |».n. of nngm m thr t<BB 

‘“Twite U^r'ii^n“Id of .hr VVnUliun dm;. Ihrir b i™.-dly a mernW 

rxoaminn edird iht «»bW nrnVfr I Fig. 3B4), which, allhnugh ri^dular 
in dcmccr. Mnortlr «n«» Ite purptm of a Irmpomr^ te'tosr pl«« 

■ hr .m wiflg Hwr m. « and Ihc dnrti driemme. 

^ I h " ts whcfc the sctniTiiil vesicle* cJi>t:n iwtci \hrm, shaL ihc cud 
lievcmd the points whem 

of the fiperm duct in an ammotr. like inc enure 


4"'^’ Hiotog)' of the Vcrtelnates 

hrajicliN and itmic amphibians, is umgenilal in cbanicler, seia'Tng tbc double 
function nf disposiiig of tiolii sperm anti urine. 

That pjiil of the ductus defereiia tietween llit seminal vesielr and the 
pfjint of its iiinction ivitli tiir urethra is leimcd the tjatutatoTy dutl { Fig* 
Jm !• [ts muscLiiiir walls bj penstaltic attmii tvacuatc the sperm* 

I, r) fH-’idiicls* The oviducts arc less dircrtly related to the mcsoiieph- 
ridial appamitis than aic the sperm ducts. £arly m embryonic life a second 
duet, the d/Sf/erjau dutf, appears aioug^de the Wolffian duct {Fig. 

Ihw Ik'v times thr ocir/itci* It may form by loiL^Uudinal splUiiiig of the 
stjpiirntal duct, as in elasmolirauchs* or it may de^ebp parallei to tllc 
.scgraental duct out of snimiunditig tisnies eitlirr as a groove in the peri- 
tonruni that In'i omes dused off, or as a solid strand of cells that afterwards 
becomes holIoT^rd out. Thus, the segmenlaf duct may cither split to fuiin 
the duct and llie Wnlliian duit, or [leisisi undivided as the 

Wolffian din t* 

Except In trleosts each oviduct oisrns freely into the main body cavity 
bv Mil Dsiiuni abdominalf I'Figs, 39:t. and IlfJG}. fn some ra^ tliese 
opi'n itnds of ihr ducts may Ik- located at a considerable distniue from tlic 
ovaries thmisclvra and the points \iherc the cgjp deliiscc, or tliey muy In¬ 
close around the ovaries as in mankind* *■«> that, wliilc the eggs theoretically 
pa.’? through the body cavity, Uicrie is little chance that thev may escape 
tlirrrin and miss the openings into the tlucts. Once widiiti the oviducts thr 
are forwarded by peristalsis t)f the muscular walk 

T4ie lAtliun alKlommale in clasmohranclu; is probably derived from a 
petsistem mesojiephridium that attained embryonic connertion with the 
segmental duct (Fig. 3751. Tlm», the cistinm abdnminalc, into which dre 
ova from the body cavity are transferred, is homologous with the ncphio- 
fitnme of a nephridlnm that ancestrally served to drain the Ixidy cavity of 
fluids of cxirretion. Tltcfe is no ctitmccdon in other vertebrates, cither in die 
tttalr or in the female, between the embryonic Miillerian duct and die 
uruiLU-y apporatiis. 

In the exceptional trleosts there b an organic tinily hetwem ovary and 
oviduct, entirely preventing an excursion of thr egg into the boily cavity, In 
Msntc carnivores. such as the train is and se.i!, the ovary becomis so eiicap- 
sulnl within the lips of die ustinm abciomlaale, that it superficially nsrm- 
blrs thr cunditinn in trlcn^s. 

^omc rlaia 11 nibmnclis and maisiipials have die open inner ends of the 
two oviducts fusccl ingciher. fotminc a single cmhini. Fusion at the rloacal 
enits of the two oiiduits. Iinwever^ is mnre common* li usually occure in 
leieost? and cc^ain Salimtia as well as i^uilc generally among the niiirnttials. 
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In those .intmals that ptodiifr ttiany eggs at one timr, a* the frog for 
example, the oi'iducis temporarily become enormously clougnted aittJ eon- 
voluted during tlic egg-laying season (Rg* 3*ib}. The oviduct of a pullet 
which has not begun to lay eggs is abtmi six or seven inches in length, 
tvhcTcas in an egg-laying hen it is four times as long. 
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imbllfrhcrii.) 


Among lughcr vertebrates the oviducts are made up of Fallopian tubfi 
for the reception of the eggp from the ovarlts, and nearer their cjtit iliey 
undergo extensive ciaboraiioti into uteno and va^na. modifications to tic 
Cfitisjdtred Liter. 

Mullerian dints are also presriit embryodrally in the male, but m the 
adult tbry suffer various degrees of degeneraljtiiL The lungfish, .WticcJ'ia- 
todus, and the newt, Tdton, as well iis rhe leiipard frejg, Rma pipirnf. are 
exceptional cases, showing pcisistctit MGHerian dufis in the adult males. 
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3. Appanitu>t for Effrctnig Frnitization 

(ii' Frrtiiimtion of Aaiimb and Plants Cnntrastrd.—Fertfllitatiori, nr 
the union of egg and jsperm, Jniiiatcs the life historj- though not the hie of 
a ticw IttdiviilLial. 

Among plotits the traveling maJe gamete, rarried in the f/ollen efti on 
its way to the female gamete in tfie takrsi the air rDutc, or 

?iieaU a ritlr on some aeeommodeling inHcct that acta the part of nialeh' 
maker. 

Such Jiiettiuda are not cmpltned ni ihe fertitizatLOfi of the egg* ol ant* 
niaifi. The pperm cell hi the ea-ieof idj venchrates gctcs forward in it3^ search 
Inf the nviiJTi hy meam of n vibralilc tail that requirtrs a thiid medium iu 
wiijcfi to travel. 

Nattir.dly. tlir problem w Iraat rciruplirated in tlir case tif tiiow verte- 
hn-,tcas that hnd thefn;?elvc& in water when the germ rells are expelled Irom 
the hcxly^ sinre a $iiiltable nirtlinm for tlie lin.iiniolioii of the !ipcrm is readv 
a I hand* "Whcti, in die ruun^ nf cvulution. rnirrgerire mi to Laitd tmk phtce^ 
the reprwhtctivc appai atiis had to be i: really supjdcnirnrcd in order w bring 
egg and sperm logtilier for tlir purpisc of ferlilkaliun. It p tTvndenl diat the 
ipcnii tJ iion-aqiLilic journals mml etltnutUef the rggi vvldle they an: still 
in thr Imly <if the femah^ since spsim] citlh i.jiTinot lDCQm{>Le through the 
air. TTiin uecrfcdtates I he pairing of the sexeit by actual no llial the 

nu\y lor deiuiitely pined within the oviduct, rather than by the 
promrsTtifuis broadcasting nf gerni erfb in the snrroimding medium followed 
hy rhaiiE e as m aquiiLic vertebralesu Moreover, a fiuid^ tndlsf^nsahk 

for the hisiibig tails of the IrKiimrittir *^prrni cells, mufit lie clabLirmtcd from 
special glands povided for the purpjssi" h\ nrdnr that the distance within 
llir. nvidiii LS lictwecti the rntering sperm and Uie descending ovum nuiy iie 
aucics&Tiilty covered. 

^Vhenever Internal fmihiation occutts, the e^g b thereafter cither pro¬ 
vided with a pr<3tci tivr Khell and laid, to be isubst^quefith incubated and 
liatt hrd (m*jpriroi4ij nmmijli ^ nr it iiinkrgtTO ib pirliininary^ dcvxInpTDent 
within the sheltering iiralls cpf the female bfidy before venturing allVT into 
Jhr w'orld (tvWprlftlllf aniiHiift K 

To insure the pliirrmpiii of the sperm within the ovidnci, variEius hold¬ 
fast meclianisins, as well as nrgans cd copulationp have been ewUed in 
iliiTeicnl animals. 

(t! Holdfast Mcdianimii. The amphibiaw^hich are halfway land 
animak, have been stp fw’mpicd with adapHntr themselves to a dual existence 
that apparentb iliev hav^ not been alilc to accomplish rfiuch in m\ cuHii- 
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lion ary way for iJieir accrjKoiy rcprodoctis'e apparatus, nie result Is that for 
the most part they retiim tn tiic water during Uic breeding; seaMjo, where 
nuid far the locomotion of the sperm cdls is freely provitled, and there is 
nil necessity' For rlaborating organs to aocortiplish ititemal fertilization. 

Amphibians do, hfjwe\'cr, irtiprnve upon tJic impriividcnt and wasirful 
ways of most fishei, «ith their countless eggs and unthinkable numbers of 
^perm. For esampir, frogs pratlke am}ilexiiiion- during the breeding season 
I Fig. 28ij), that is the malt frog saddi* himwlf on li' the hack of the 
female, whose body, unfettered by hooplike ribs, becomes rnort: and more 
swoUm by' the increasing majA nf eggs williin. Tlic male retains his grasp 
upon the slippery back of the female by means of temporarily roughened 
gbnduLir swollen thumbs (Fig. 154j, whkh are inserted under die armpits 
of the female and act as iuildfn.'iti. He rcmmiu^ in amplexatiou until the 
female extruilts die eggs, when he immediately sheds tlie sperm ntcr them. 
Iti this way the hazards and uncertainties of distance between the gertn 
cells of the two scscs are greatly icisrned. 

The hylas, or tree frogs, and the ‘'obstetric frog'’ nf Europe, do 

not Ofdiiiatilv resfjrt to the water to hreed, but Kamtiierer reports that w hen 
AtyUs is compelled to breed in water, ampknaiinn occurs and the thumbs 
of the male become swollen and roughened as in otlicr frogs. 

Many male lizanii po,-«rss a nm of peculiar ponhole-like “glands" down 
the inner surfaei- <>i the hint! legs < Hg. 155). Tliese femund sirucHirts arc 
mu true glands, producing a iic^uid secrcUoii. losii.id they extrude a dry 
scaly .substance that rouglicm the surface of the kgS so that when the male 
lizard in madng grasps the fcnialc between his hind legs, die sp’unty of 
his grip is hisiircd- 

Snnkes roil iiround each other in the mating embrace. The male boa- 
constrictor. according to Boas, is snpphrd with umil hoah that aid in holding 
together the cloacas of die two sexes during the tramfer of spenn to the 
frmalc, 

.■\mong higher vertebrates, organ* already pfrsenl but not especially 
evolved tu accomplish the Imldfart function in reprodtictloii are utilized for 
tJiLs purpose. Thus, the rm k when treading a hen employs his beak and 
claw-s. tn animals like riiminants. where holdfast organs would be dlffirult 
to imagine, the sexual act is usually accomplished very quickly, as in the 
raw of the tumultuous and alliit^t instaulanemig leap of ihe stag, Camcb 
solve their copulation difficulties by assuming a sitting-down pfjrturc- 

fei Mak Qipulatory Copulation roiisks of the inlnsdiir- 

lion of a male copulaiurv oogan, the '« which the sperm duc t ter- 

ttiixiates, into the enlarged md nf the orfducU or mgim. The discharge of 
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The Presetyation of Species 

the sperm cells under these circumsinncea makes more certain (heir placc- 
rticm jti the bnmctliate sicliiity of tlir cg|js to he fertilVecL 

It is to he expected that the apparatus for copulation in the aggressive 
male with spcmi cells to deliver should be more tbborated than that of il.e 
receptive ajid. such h tlic ciiiiC- 

Not all tlie organs for copulation among vertchrates arc 
Thus, male clasnuihnuichA of many species possess a pair of “daspets,” one 
on each side of the cloacji^ which .ire 
modificaliQns of the medial parts of the 
pelvic fins (Fig- S96 ). In thrw: animals, 
whose yoinig are “bom alive” iti an 
advanc ed stage of iJp-velopraenL, copu¬ 
lation and internal fertilizaJjon arc 
cfTccicd by tfic aid of ihchtc clas^crs, 
equipped with which are in- 

sened into the cloacu of the female and serve to direct the sperm along tlirir 
grooved irncr margins intfj the ov'iductjt (tiff- 397)* 

Rarely a similar conttivance is found among telcosls, that -tcrves as an 
iiiiromiTteiii organ. ThL- is formed sometimes out of the ventral or anal fin, 
as* in die strange Brazilian buny Esh. fTtrurdiawf* and mmetimes from the 
nietitimirphoscd haemal spuie of a caudal vertebra. 

It fi with land life, however, that the evolution of Intemal fcrtih/ation 
and attendant copulatory mechanisms really hegins, although none of the 
amphibians liave a penis, with the possible exception «1 the fwtUs c^cil- 
ians. In these tropic amphibians, wliich have taken to laud life m ^mp 
sihiaiinns, the walls of the nrale cloaca during cupuLition arc everted into 
the cloaca of the female, thus serving as an imroniittenl device. 

Internal fcitllizaiiiin without (lie assistance of copulalory organs is ac- 
irmipllshed among i main modelcs. rrfftinn, Ambtyaomn 7 Hion, and the 
^iviparoua SaJaman^ra nlra of *Mpine stmams. by a very different mrlhod. 
The males during the breeding season dcp«dt iherr sperm m imiaU compart 
packets or sperm»topkores. summnded by a protective gelatmous nmffi. 
while the fcmalts follow after the males as the spermatophores are * 

and use thdr cloacal lips to pick up the spenn.iiophorc«. even when the 

Litter aK dcpusihcd on ^ sometimes occurs. . ^ t” 

Among motlrm reptile* two types of pen«. hac^c been ewdvx-d- hi^ 
among Ikards and snakra. Mir tlmrd organs aty: found, which may be 
everted somewhat after tlic manner employed by eaedlians. Eacli finnipc^ 
has a spiral groove along its medial surface for the conveyance of the 
sperm, ikeond. turtles (Fig- '.mn) and crocodiles have a single perns, lymg 


ttiotogy of ihe VtTtehniie^ 

alcMig the ventral wall of the dwam, slightly prntruinhlc and riiupplied with 
erectile tissue, doTsally along its lengili. During eopulalkm lim 

is made into a temporary canal by its contact with the upper dortal 
wall of the ebaea. 
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The single penis of the crt>codiIea ts fnmied by two component parts 
MJggffltMig a double onRin. In turd« the sIm of the perik hears a distinct 
lelatioii to the diSli^tio encountered in aipubtion heeaiise of the awkwarrf 
shell. It Is smaller in marine turtles having a (lattcned or incomplete plas, 

tmn, than in fiesh-warer or bnd forms with a more complete and over- 
archmf^ ?;bclL 
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ihv Pre.^n^lioH of 

Amonff birds Uicne h no true copulation, but [mpirgnalion by the 
method of the kiss is liie gcttrral nile. There arc, IidwcvcTj a few 

birds notably ostriciita and other radiates^ certam diicks^ and the South 
Anicrican ^^inamou/^ whicli liavc 
wcl]-dcvt:l(ipcd penes^ resemhling 
thrive of crocodiles. 

The penis in nil mammals^ with 
liir e^Ctplion of moiiotrcnies (Fig. 

15 a closed tube and not a 
gfCMn^cd r'ftructlire in reptiles. In- 
LCT Eiirdiaic foims betwern replies 
and mainmnfs arc tiui known. It is 
t)"picaiLy a tiirgesccnt organ under 
the cortLrql of ^^so-dhator nen-e^ 
which arise as auEonomic fibers in the sacral region of the spinal iinrd, and 
b comprised of two masses of erectile tbsuc side by jfide, the roiparn rat'rr- 
norrip with 3 third mmilar the torpu^ spon^omm beneath ihcm, held 
logcther by librous tissue atid enveloped by a laver of lotMe sltin (Fig. 399 J. 

The corpus spongioaiim is perforated for ibt entire 
length by the urethra- Consequently the urethra 
is considerably longer in the male than in the 
coirespondiug female. It terminates in an en¬ 
largement of the corpus spongiusmn caBed the 
gldns (fig, 39BD)i which ia split in marsupials 
wdiere the female has a double vagina. 

In some animaLSi for cjcampk the cat, guinea 
pig, and wounbal^ the glans is beset with homy 
mrumnt sptim or comral scales ibai stimuhite 
the female during copuJjstion, although in most 
causes the skin extetubng over the surface of the 
glares isi extremely sciiiitive and deheaic wfthnut 
HUy hard tomcat laycr^ Ruminants^ reraceans, 
and some rodents are exeeptinnal in that there is 
no glims present, ’W^hilc sheep, gfiafe and mauy 
aiitdoprs possess a peculiar threadlike elongation of the sperm dtici beyond 
ihc end id the penb itself, called thr ur^thtidii (Fig, 4iY)}. 

Among higher animals the glaii^ h enveloped in a double fokl of re tear- 
Lilc $kin, the pr^puiium fTig?^ :JB1 and 398n)* Thb is present only m forms 
W ith a pendent penis and b liomotogtHw w ith the sheath in which the penis 
h withdrawfi in many animals such as ungulates. 
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Biology of the Vertebraics 

In several kinds of mammals, namely, marsupials, cetaceans^ moles, 
camivorrs, rtirlertb^^ hats, Ii-mufs, monkey's, and some apes, there h 

present in ViirioLLi degtets of licvrbpment, lying in the connective twsnr 
between the two corpi^^ra cavernosa and abfjve the urethra, a penis bone, 
os pTinfji, which in creases the rlejidit)" of the organ which En must cases h 
attained hy trmfwmry tnrgidiiy t:auscd by an inllux of blciodp 

Among miuiunids the obliteration oF the cloaca kogs hand in hand with 
tJje evohitioji of tlie perns, or phidlus (^Fig, 39B., In ntonotremes a cloaca is 
still present, and the small noii-protnistble penis ja encIoflcH in a sac bctvvcm 
the urnjgriiiLal sinus and the cloaca itself. 1 e is a fibrous slightly erectile 
strut, lute of double origin, with u groove Ijc tween ilie two parts that is con¬ 
verted into a canal except posteriorly where the urogenital and cloacal 
passages still connect wixh each otlien The instead of icrminmmg 

lu the bladder with a urcliiral oudei for die urine* empty through a utq- 
genital Bin us into the cloaca, the penis being tjtilLcicd soldy for tlie con tine- 
tion of the sperm. 

The marsupial penU, with the r^tluctioii taf llir t.loarai beenmea^ an 
external crcclilc .^nictnre direi.ted haekward^ throu^fh whkh bath urine 
and sperm have common pa^^tage-way, as in all hitcher mammals^ The 
fcroiJi fti contiiinj iig the tcslcs is lor axed anterior to die peni;^^ The distance 
betwetJk the j}cnk and the anua is so slight in these animals that both p-nbi 
and anus arc enrintsed :ogciha:r within a common muscular sphincter* The 
opussuni Diilti^lph}x die bandicoot PeramdrK and seime uther spreica, have 
a hifurcale glaos that is probably correlated wnth the rbiihle vagina in thr 
females oF thm* forms, 

;\niojig placental majiunah; the perm h in front of the sctntal jsac and 
usttully willidraWTi within u prnteeme sheath^ exi*cpt rhiring sexual activity. 
In most rsLses it h rfiiectcil forward and, when no sheath Ls present, is 
pendulous, as hi bats and maiL In muiikey^ and apes it L* partly pciidulouj& 
and partly eiisheatbeii In t^ts and rakntB it is dlrcclcd. backward, except 
during rnpulatiini, so that tlicse aJiimals micturate posteriorly* ArmadilloSi 
handicapped by ibcir awkward armor^ have a fclativdy enomioui* penis 
w^hich may cxlend .us much ax one third of the teiigth of the body during 
copulatioTu 

fdj Feutale Genitalia.—Tlie fcniide gtnitxdia concerned in copulation, 
aride from t cMain glamb and the riidimrntary ditom, arc the vagina* vesti- 
hute, hymen, and The bbSq riiinara juid niajora I Fig. 40j), All of these 
stnietnrcs are different bled to a point comparable wiQi the degree of evolu- 
iifin aiiained hy ihr rnpulntorv' orgam of the cormpoiiding males, reaching 
their maximum in the primates. 
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Fig. 401 - Dtjraal diugriirii of human foitmlc rirprodtictlvc ot^o^ 
(Aflcr Tolcfl.) 
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The zuigina ts that part pf ihc ovjduti adaptjfd to rrccivc tlit It 

is ahsrnt in ihc monotrcnies whcrft the ctoao serves the same pur^iwK;. In 
ihr rippi^bum, Didrtithyt. and ulher mamipiinK there arc two distinct vaginas 
which barely coalesce into one at the 
Ollier entratife, wliiJe in some Dlhcr 
nianaipials three is a rnulcscciicc at the 
inner ends from which a median diver* 
tkiiltim, or third vagina* extends pos¬ 
teriorly as a blind alley bcliv(*eii the two 
lateral vaginas (Fig, Whenever a 

fetus bec(«iies deposited in this closed 
middle viigina instead of in nor of the 
two lateral open pa8?agc-wa«* there 
nii»d be a rupture at birth at the blind 
end of the middle vagina to allow for the 
expulsion of the young. 

In plaixntal ttiammuls tJte outer ends 
of the two Dvidticts open into A single 
vagina, located between the rectum 
dnrsally and the urethra ventraily (Fig. 

'iti7). it is lined with mumu# Tncnibrane, 
frequently crossed by iransvenie rugae, 
particularlv in young individuals* ITie 
vaginal niucri&a is without glands, the mnrus that is pm«iit there euming 
from the walls of the uierur, especially the (tndx, which is continuous with 
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the vagiiia. Tlie walk of the vagma are masesibr atitl collapsible:, and the 
niu?M:vilar fibm near The exteruat orifice form a sphincter* 

llic outer part of the vagina constilule the irstih^sU^ whic h h separated 
from the vagina popper by a tcmpcprajy^ fold of rniicniii membrane, more or 
less complete, called ihr hyrn^nn *riih k the real end of the cmbrj'CiJiic 
MtLllerian duct, and h jiarEiaHy occludes the passage-way, particularly 
ropulation ha^ taken place. Originally in all mammals the hymen 
persists in bears, 4iEak, hyaemui, and most apes, but k present only in the 
yoim g of (he horse, pig and mokv 

The walls of the vrstihulc ant supplied with erectile tissue w^hkli at 
times btcnjiies surrharged with bkwjd. In primateaj genmily aTtmnd the 
vestibule on either aide are iwo folds of J^kin. ihe fabt^ minors, wlide in the 


higher primates tljere iue in addition two exleiTial fohls^ the litbia fa- 
covered outwarflly with puhic hair and anpptled witli a rer^ 
tain amount of ratty iksue. Tlicrc Is »bc> a pad of adipjse 
ibffiue aiitrrSnr to the vestibubr orifice ai die edge of the pubic 
lioncsH loiiewise covered with hair^ h i$ called the mariT 
Vi'neris* It is better de\^cloped in the human feuiales of 
civilised races lhan in thrjse of more primitive tjpes. The 
female bush man k remarkable for the hypertrophy of tlie 
labia minora^ as w-dl as fiir the enlarged posterior gluteal 
muzkilesf resuldiig in cntirmtmsly preuninent biittficks* or the 
conditicFn described simiopygy I'Fig. 4IWl . 

The clitoris in the female is himining^jm with the penis in 
the male- II U situated Jii^t aiiterinr In the vcAtjhular open¬ 
ing beiwTen the folds of Uir labia mincirB and conri^tB of 
two corpora cavernosa Qiat are erectile, but there b no corpus 
jpongioHiJiTi present, and the clitoris b nol ira^ersed by the 
urethra like ihc male penK except in a few rodentS;^ itisec- 
livores^ and lemin^n In this Imter case the urethra is not a 
urogcoilol canak as in the penis, bin b exclurivciy for the 
traruiniission of urine* as in other mammak. An Imperfoniic 
rlimris isprr 3 w:Tii m turtle^, crooxliles. and a lew exccptioDal birds whose male^ 
possess a peni*. There k even a cHtoris bone in ccrtiiJii mammalian s[jrfiea 
that c.urrcsfKincLH to the os prix^pi of the muk. The clitoris, which is relatively 
large in monkey^ berng m or seven centimeters long in tlie voung npidcr 
monkey, AieU.f, is i:otnparatlvely small and tltgmeraie in the hum art female. 



Fiff. 4^. Fe- 
tn»\t Aw^tlAl- 
urn bu'hmani 
ifhriwuij: *1 ra¬ 
ti) jivey. I, Alter 
MimU) aiid 
Schiilxc.) 


4. .Aercsst^ry C Lauds 

/VsociaUid with the repmdtirdvc apparatus are x'ariouft glands which 
I I provide a riuid medium for the locomoiion of the sperm cclU; (2) 
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faclliUilc i:ypuliitiOJi by r^rduonp fncliorij (3) produce tidrirs that are alliiT^ 
irg to Uic opposite and 14 1 Jumisli nutrimcjit for tbe devr1opTnj§[ 
yciung. These glajids niay be grouped iicrurding to their plurc rjf origin 
Into iliose (I j m the sperm duct or oviduct; (2) in the urogenital canal; 
uf { 3) in tilt: inLegumfmt. 

[^i] Ofigtnatjng in the Sperm 13ijin or Oviduct,—In ittiiny for 

example in runilnants, most rt>dtnis, dofis, bears, rnartnis, anti ahrevv^, the 
outer end of the sprjTil duct, near it? ciitnincc inlo Lhc urethra, eiibrgtt 
into an rtTUpiii/fl:.. ^hh h sm ci a? a irmpnrary for the sperm. Tlijs 

is lined, vs'illi Qnifndlar that 


are 



u‘fletc mucus, Snr.h glands 
LdKcnt In the cat, mole, Eiimpean 
hedn^heg EnnuLtu^^ and the pig. 

In most man\mak a sadike srmh 
nal v^side (Figs. 3B4 and 404 ip 
lined *vvith muenue glands^ *^P" 
lies into each ductus delercns 
just beyond the antpulla. Be:wren 
the frrninal vt^clc anti the ur¬ 
ethra the sperm duel ib known 
the cjaculaton' duct* In gcTicia.1 
thr^ vesirks have a gLmtlular 
father than a storage fimctioa, 
alttwjugh sperm cells arc fre¬ 
quently found dierein. In (he ease 
of bats and some mite:, the 
seminal vesicles eoahlf- Lhese ani^ 

nuls to exerrbe ^ sort lif ^hirth tontrf>h” In that after copulation the mucus 
that the^ prrjduLc forms a gqmtnv plug which filb tlir mitnini r to the utmiy, 
Lhc cenical orifice, and prevents for a coiradeniblc time siihscqitetit impreg- 
lUiLiiirt* There are no siciiimal i'E35kic* in tnonotfcnjcs. njarsupiak, cetuiwna. 
Of Ciniiivorts. Jii man they appear fust about lhc rnd i.4 lhc ihinl month 
of fetal life- 

In tile human female then: are present a I least ihree sort? ol glancb. 
namely, nicrim:, cervical, and vestibular, ass[3ciatcd with corroipondiiig 
regiems of the oviduct. 

Tlic iihnntt ^Innds art tubular ^tfuctuifu lining the iittriis. They have 
to do with the epithelial rcgeitcraiion of (dir uicrine walb du(ing menstrua¬ 
tion, rather than with gbndular secretion. 

The inui^h bmniihcd rririVu/ ^tundst fuund in the trmx of the uterus, 
produce niuct^ wliich mubtens die inner surface of the gland 'ms ra*p^ia, 
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while the scatiered v^Uibid^r lorjited in the vestibule ne^i' the 

cUUiris and around the outlet of the urcduia^ perforna u sitnilar fiinctioii. 

{b} Origins ling from the Urogrnital CjinaL—The glands of the uro¬ 
genital canal arc the proslate, in the male, and the mrlhral glands, which 
appear m boih frfrxiir^ 

The ftrostiiU gland { Fig. iB4}, in man at leasu is the most important 
of ail ihc atccssory reptrxJiK^rrve gLands. It ia a compoimd hibulo-aJveolar 
gland about the size of a hnmc-chcstuui, made up of thirty to fifty lobules 
and tipening into the nrcthra by means of tw'o large and liftfbfi!n to thirtv 
lesser ducts. It is cmlicEldct] in a tough capsule of connective iLs^vir and 
ahundariitly supplied with bloody l^inpli^ and more smocjtli muscle 

cells than any other acceeisnry Tneproductivt gland. Jt surrounds the begin¬ 
ning of ihe urethra at the point where the ducli licfcrcntes^ ducts, 

ruler. 

The secretion produced by the prostate gland, forming a large part isf 
the icemen, or spermatic lluid, 1% a thin milky rmuIslDU, faintly alkidinc widi 
a chariLClerlstii: i^lor. Thr pru^italc gland b well developed in rodents^ bats^ 
prn;^CKlarry la, pniitialt!s^ and mosi carnivores, f L ss le^s wcl] dcvrloped in 
ruminaiiL^k and is absejii hi monotraneSt man'upia]LE+ edentates^ stud among 
carnivores,, in the mnrtcn, otictj and badger. In mao the prostate gland 
frequently becomes hypertrnphied in old age and may depusit vuncreliolii^ 
of calcium phciqjhatc^ cau&itig trouble by prefsurc ttpejt^ the uretlira w^hieJi 
h cnivclcij>!c 

The urethnd judoinb arc of two scuts* Fust, mucous glands, cy-Qcd gtoif 
of Uti¥^, [n the male, tiiai air- most numenms lu the domil region of ihe 
urethral wall along the penile port of its conrsc j and second, paired b^dho* 
urrlhral called gland; in the male and hariholin^^: ghnih 

in the female. 

Ct>vqK:r's glands iirr two small structuto ahoitt the size of peas in the 
humiui male, whb ducts an Inch Isjug opening into the urethra at the Ijasc of 
the penis. They piodurc a dear glairy mucu^ duritig jKpxiial c^citeriHfril 
wliiLli piotrcb ^he sperm agatiL'tl traics of acid that mav lie pix^u, 
dop, iifuf ar|uatic mamtuaU lack (.!owfK.T*s i^daiid.s, hot in other irLimma!^ 
the) arc quite generally prcj^nt, being especially brgr pind active in 
rodents, tlcpliant*. pigii, ramrls. iinj ho™. 1 hry arr the only arctestny 
fcprtidiu’tivr glands in the male Erkidna. 

CoiTeAponding to Covvper's gLandis of the rualc, iire the glands of 
Borthcilin in the lemsih^ that iiprii into the viL-vtilujli! in tlir groove on either 
■^klc between the hymen anil the labia minora. They pmsdutcc mucus which 
fuoctiotUh largeb ^ ^ hibricant during copulatbn. 


PiVH'n'titiim of Spvch:^ 

lu ihc iomn^Lioii of ihc stmcrn it has bean shown iimt tht iirst contribij- 
tioDs cofnc fTom Coirtprr's j^Iandi md llie ghmh of UtU^, foUiJwcd by 
tltr rfecretjon of the prosiiitt gknd before ihc 5penu from Ehe dLiclii^ delerais 
iire added. Mhile the final glandular coiitribndon h froiii the ^seminal 
veddeSH 

^ f i Origiiiatittg in the merit.—^Varioii^ odorifermts ghunis of 

integumentary- origin, named iu difTerent tas& ittwl inguinid, pemuieal, 
ind donc/d ghmh, ocoir urnemg vcilebraiei!:. These arc ianally ioeaicd 
ariiunil the atms or genital apcrlnrc and serve w eimuilatc the opposite m:x. 
TJie f.iraoiis glands of skunts belong to tJm cnlcgun^ as do itUo ihr 
anal glands id dogs, %vUkh arc well known to W of purajiiounx impottanrc 
in die K>ciaJ life of these ^mirnals. 

glands are small sebaceous glands that arc Kityatcd around the 
base of dir gkins on the penis tn dtr depths of die prcpuiial fold of sldn, 
'I lic)^ also prr>duec imji odomus substance c;Jled 

Tile male alhgator has submiLxdliiry gland4^ at ifie edge of the leaver jsiw 
nti eldicr sidc^ which ciibrge and emit a miisky odor dui'ing sexual cxt iic- 
mcnl. 

Finally, under iTnegumentary glands there ^iiEiuld be mentlrfnrd the 
munimmy glattdi, already descrtliedin a previous chapter, that have a pl;u c 
in the general scheme of reproduction in the mammals, since diey provide 
sustenance for the newly bom young. Alamipials^ w^hich have no tnic 
placimta^ nouriah the fetus before birth wIili uterine milk” produced by 
Mtcrinc glands. 

5. Devices for the Cate of Eggs and Young 

(«} CtcmiL—Vi'Etb most animals that practice internal fcrtilii!:atiou, a 
part of the oviduct becomes modified into a bruoj organ, die m/^rru. for the 
protection of the developing embryo. This structure is located midway 
between the upper portion of the ovidurt^ railed in human anatomy the 
Fallopian tube^ which receives the egg from the ovaryv and llie ^^agiiia 
below. The t-irgin uterus h complciriy w^iihiii the pelvis but during preg¬ 
nancy it is shifted to a position higher np in the abdomen, [is thick muscular 
wsdls are capable of great disterixiDn, ciihtrgiiig over 200 ciniL^ when accom- 
inufiiiiing a gnrwiiig fetu.s. When ittiEKTupied by yonrig the catity within \hr 
nteruis is rclarlvcly small and the shninken inner walls are mure nr Im in 
contaei with carli cOier T7ie rounded mouth of the uterine cen^ix. where it 
merts the x^agina, frequently projecL\ stimewhal into the ii-aginll cavitv 
(Fig. 401). 

ill fmgs the ovulucl dtiring ihe breeding x-ason eiilargcA at it^ 
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cloac^ end into a “utclW for the lemporar}' Indgment of tiie eg^ Vivip- 
amus tclcoats, as afcii aome dofimobranchs, liave a wcU-devdopi‘d highly 
vasculamed uterus. iVIammab, howesTr, show the greatest difTcmitiation 
of this organ. 

A uterine tiiudlfiratinn of the oviduct, when found among lower \T4tt- 
brates, is unuallji' a double structure^ one for each oviduETt, but w'ith increase 
ing coah^eiice ol the o\n ducts in mammals t« fann a single vsiginaj there 
is a tetidtjn;y for this fusion ti> involve cither a part or the enure uterine 
region. .\ll the thcoretkal intemtediarj' evolutionary stage* from a double 
uterus to a single one have their actntd counterparts hi nature among 
miunmals. 



Fijt, 4h5. T^-pc* tif iUeri. a, uttm* duplex; a, utenit bipaniiiis; e, ntcrut 
liicaimi; tr* ULenti aiinpioL 

Thus, there are two ciktiiirt uteri {uterui tbiplex. Fig. 405*1 without 
v'aginas in monoircmcs, and each vfilh a separate vagina in maraupiais. 
.Among placental mamntals, same rodents, for example the mouse, bare, 
marmot, and beavTr, av well as elephants, certain bats, and the “aanl-vark** 
Otyeleropm of South Africa, have a duplex uterus which opens uitn angle 
vngtna. .A beginning of cualesc.^ce between the two uteri {Hfcmr btpartit'us. 
Fig, 405b) is apparent in pigs, cattle, certain rodents, some bats, and cami- 
vona. A two-homed uterus {uterus Wforml, Fig. 403c) is chiiractcrislic of 
ungubtet, cetaceans, inrectivorcs, and some carnivores, while a single uterus 
iiderus sifnpfex, Fig. 405n), with two sirndrr Fallopian tubes projecting 
from it, is the type found in apes and man. 

Various pathological anomalies that suggest doublbig are encountered 
in the human uterus, which find a ready cxplanalion in the story of the 
cumparalive anaiomy of this organ. 

'Phe curious South American triciwt Cirardmuj, .Steady mentioned as 
having a tnetanjoiphtoctl harmul spitir of a laudal vertebra f«r a copida- 
turv i>rgan, has a hoUo^v rivaiy that serves as a utenis or bmod sac fur the 
young. I'hr eggs, W'hich ddiiscc into the eavlty id (Jic ovary alter the telcov 
Iran tradition, »re frrtilbed in place by spemi that pemitrate all the way 
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into the ovarian cavity, where die earijr stages of embryonic (icvclopment 
occur. 

BrtMKl Sacs.—Among vertebrates there are rarious instances, more 
or l<as fxceptionai. of brood sacs for eggs or young, aside from the uterus 
of the female. For csaiupic, among fislna there is a mocUficatlnii of thr 
peK'ic fins into a brood sat on dir ■vcnLrjil aide cf the male pipefish, Syn^- 
naihust into which the eggs arc dr.[X3esiterf by the female, fn tlic wra-horse. 
Hippocampus, a relative of the pipefish, diere is a similar arrangement 
whereby the male becomes rrspoiisiblr fur thr cate of the eggs . Fig- ISa,. . 

Atwtng amphibians a dorsal pouch is located oti the bach of the female 
frog, ^'otetttmu pygtaaeutn, of Venezuela, fur carrying egg? (.fig. 
while the male Rhimdcrma darwim of Ja\ ,i coniiibules his vocal sacs 
temporarily to serve as brojjil pouches [Fig. 28nj. 

The traurient brood sac of niQiiotirmes and the permanent “maniu- 
piiim'* of the marsupials among maninuds arc further examples of structures 
beluuging to the reproductive apparatus, since they obviously have been 
developed in the interests of the race rather than of the individual. 

[t] NJilauieuial Glmids.—Eggs dcsiiticd to leave die body of the fenialr 
lurfoTC development are provided w'ilh some Bon of a protective envelope oi 
capsule. In water thh does not need to he a verv complicated structure, but 
exposure to dry air demaitcls a si tell of liotiie kind. 

It is apptirent that fertilization must occur twfone the shell is put on to 
the egg, otherwise the sperm would oitountcr an insuperable barrier. Con- 
sctiucnlly mdamenUd glands, which prcMiucc the .didl, are located in the 
walls Ilf the oviduct some distance from the ostium ahtlominale, in order 
to allow opporttinitv for the egg and sperm to meet before the shell is added. 
Jncideutallv. putting a worlonau-likc shell around a soft egg is an accom- 
[ilishmcnt wliich would l>e baffling to a human inventor. 

Albumen glands, that furnish the *'whiie of the egg,” are aUo located 
hi the walls of the oviduct between the ostium .-didiTminalc and the nlda- 
mcntal glands, since this extra store of nutrimenl must lie added after 
fertilization, hut before the egg is encased hi a calcareous shell. The fanulmr 
cadding of a hen that has just succeeded in laying an egg a a tree song of 
triumph, sllinillating to a comparative anatomifit who appreciates something 
of the TOtricactes of iK daboroiiDn. 

Not only does the calca«ou.v riieU pmiect the exposed egg frem injury, 
but, in ihe ia« of many birds, blendhig colms or hlotihrs which help to 
camounuge it from scarehing enemies are dcpceiieii in the substance of the 

aquatic eggs of the hitrmally fcrtiliz.ed elasmobmiiihv arc eneloMd 
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in purselike Kamv capstJes, supplied each comer with curlmg irndrihi 
( Fig. 381 which emajigk them among scavveeda, so that the embryo fishes 
sway and rock wiihin iheir curious cmdles in com punitive security tmiiT 
ready to emerge. 

(<i) PJaiTina in Mammals,—Tme maniniah provide a pbeenu for the 
developing young, Thifi is an elaborate comfwjund \ iisi:ular organ, made up 

of interdig^Llating villi fnim tJie wuIIr 
of the uterus arui fir^m tlte allantois of 
the embryo (Fig. 40b), which brings 
the capidarics of the mother into 
intimate contact with the capillaries 
of the fetus, thii* e^tahlislung a mitri- 
tive and rcapiratury bridge between 
mother and oifspring. 

There arc other embrytmie drsneta 
in mammals, such as the aniuion 
and other fetal tjivelapes, which pro¬ 
vide for the welfare of young reptUcs, 
birds, and mammals. These should not iic overk^oked in reckesinng up the 
anatomical enmrivantes that aid in the preservation of the species. 
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6* Dcgi-uerate and Rudimentary' Organs 

With the supplanting of the pronephros and mesonephros by the meta- 
nephruii Limung amrtkitc vertebrates, there arc left behind several stnirtiirie^s 
in the developing animal that are deprived of their original iisefuUu^. Some 
of these istructures^ like the tncHioiitphrSt lubulcJi which tjerome transformed 
into the epididyniat tubules of the male, are rescued and made over to ijervr 
a new function. Many other smieturrs, howevxr, degmerate, finding their 
wav to the anatomical Ribbhh pile where they reniam as usclt^ss ports of the 
animal mechanmn, even becoming a source of pathologteal ilh. 

There art various nidimrntary organs also tbai are useless Isecaiisc they 
never altaiii funrtional cfTiciencv. Unlike degenerate structures which fiavr 
had (licir day, these are indpient o^gan.^ that have ne^-rr eompklcly 
developed, 

Jt b quite im porta nl for ihe patliolngli^t to Ijt thoroiigbly groimded in 
comparative aoalomy. since it w jtist these degenerate anatomical rclicn aud 
rudimentary atmetutrs that arc rnnst likely to prove the focal points for the 
formation of cysta, tumoTE, and other bodily abncrmaltlii^ 

Tlir young cmhn'o prrsrrmt a condition with respect to tlic reproductive 
apparatus, for esample, that ^uggrsL^ a hcrmaphrinditc with the radiments 
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rtf l>oth ^xes present. As de\’elopnienl proect^ one sej: becomn dominunt, 
and the structures which characterize ilie otjicr sc\ fade into the back¬ 
ground as degenerate or ruditnetitary remains Their trsuJta a homology’ or 
equis'alence in the aiiatcintical details nf ihe two sexes which Is sunintarizcil 
In the case of Dton in Table VI, adapted from l^'iedcrsbcini. 


tjVKLE VL Talilt of Hnoiiiilogks of Snwiam Derived from ihr Mcsoneiihftis anil 
In Aisooiaicd Doc I a 



MALK 

rEJrlALE 

MLiiCJElCpllTD^ 

Sexual 

part 

Apfwndix i^pidldymidii 
Efrididymu (ill pmt] 
Rt:U ieftu 

Epoopiiartm (iii piir.. 

Urinaiy 

DuctuU abeixiiiiics 

ForoopKiJiriU 

IS'olflian duct 

Praximal 

pit 

Epididymis (in part) 
t.’pididymtdii 

Eptwipboixiu im p_iTtJ 

Distal 

part 

lJuctuj dc/n’lfJli 

CiiertfurFs dmi 

MuDertan 

duct 

ProxiiiLi] 

part 

Appendix tcslis 

Fallopian lubt 

pJTt 

Vaf^liua mojciilina 

Vagina 

IJymtn 


Tlic organs in this table that arc in italics are functional, while the others 
are either clegenctate tisclcs structures or cif doubtful fimcti'tn. 

The epoophoron of the human female b an organ lying between the 
layers of the broad iigantent of die uterus, composed of eighteen or twenty 
anastomosing mesonephridia that are dosed ai Iwih ends i Fig. 407 i. In 
ruminants, perissodaciyls, and pigs, the mesonephridia fonning The cpwiph- 
oron are comiccied with a fragment of Gaeria^r’t duct^ which corresponds 
to the Wolffian duct in the male. 

Ilic /(arnditi/yiMW and the paroophoron in the two sexes respectively are 
all that remain of the posterior mesoncpbriiiia. The paradidymb lies within 
the spermatic cord near the globus major of the epiditlyinta. BoOi the 
paradidyitiis and its hoinologue in the femaie are found only in older 
ctubryoft and young rhildien. 

The abOTTOtitet are also tubules, originally nephridia, blind at 

one end and opening iiito the duct of the epididymis. There mav be one. 
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two, or sevtral of ihtm. although the number is iJisual]y two. "ITiey lir 
tictwecu the testis and the cpididymk. The '"infenof ductule/* which k the 
more ccmstaiit of the two, may attain die length nf two inches in man. 

The appendix epididymidis [Figs. 384 and 407), which is a degenerate 
tip of tbr mesnnephrijs^ lies upon die globus major oF the epididji'inis. Toldt 
Ir/uod it pejsktmg in ^9 out of 105 human atjlopic^ A fiimilar structure k 
jfometimes found in the female. 
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The appendix Ustii^ a smsdl sphciieiil sac attached to the testis (Fij^s, 
384 and 407 )* represrnis the tip of thr Atullcrian duct* It has been reportetl 
as pidsmt in IKJ per cent of ibt cas^s examined, 

Tlir niher end of the rttibrynnic Miilkrinn duct remain# m the male in 
the form of the paf^ina masenima, a small sar llom^ 1 ll■^£^olls with the \-agina. 
IL is embedded in the prostatr ^lar^d along witi* the baisc of the urethra nod 
is tii^ually distally bifid (Figs, 3SA and 407), which k rulditional evidence 
that il represents ibe remains of ftsakscing mndnclis. 

Around ilic upenioK of ihc vagina maseulina is a small fold of tisane, 
the e^ilii utiis seminiihi, that inai'ks the ends of thv Miillri-iitn ihirts, and h 
homologous with die hymen of the fmialc, which partially separates the 
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vapna from the vestibule, and likewise locates the true tcmiination of the 
AluUeiiaii iluiits. 


V, DF.TKRMlNATrON XSD DlFFliRENTTATK)N OF SEX 

The deiermtnaiwn of sex, as pointed out in Chaptef VI, pfohahly occure 
at the time when tlie c|;[g is fertilized, depending on the chance combination 
of the sex chromosomes. The diprctttidtwrt of sex, on the oilier hand, or 
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Fig. 408. Eiutuyiiftii- diffcrcntlaticm of estemol genitalia, f After Cirt.y.J 


the dcx'clopment of visible tlistinci sex charaetet?, docs not occur tn man 
until about the ninth week of fetal Ufc, although, aecording to Keith, the 
ttstcH within the body cavity are distinguKhahlc from the ovaries h>' the 
seventh week. 

'I*hc hiitnan external gcttilalia of the two sexes at fiist cannot be told 
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aparL AI Llic slai^c of about the sixt h or sc\^cnth week, w hen the legs are 
iiinply two stubs on thr two side* of the cUi^la (lig. 40H), an elevation, 
the genital eminence. Upped hy a oomeal projectiuii, the genilai tuberde, 
appears just wntlitii the ajiterlor ma^J^JIl of the cloaeal opcniiig. Arountl the 
genital opening ihcrr fonrw a pair xii foli^ lltc lahia-u rniul folds^ which 
are destined to become either JJie labia majora of the female or tlie scmlal 
of the male. 

SoiJti the genital lubcrde elongates somewhat and p filit, the ntogemiui 
openings develops along its \Tntnil surface. The laicral tnargim ol the slit 
ckv'atr nexl Ui form a &eeund pail ui enclosing folds, tlie inner genital folds, 
Df ihe future labia minora of [he female. 
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Fig. 409. Spgiiial rllnprmfn of fnnnlc Fig. 410, f^agiiul male 


In the male the genital eminenee, w'lth its pmjcetitig tuhcrrlr, elongate 
still moiT into the ror/mi and tlic ^ans of tfie penb^ the uro¬ 

genital slit meanwhile closing cvxr to form the pciiilr part of the urethra. 
Tlie inner gttiitnl folds bctonic Uic two coq^mi cavemraii, jenniog together 
jtide by wde atw>ve the tnrpus sptmginsnm to comiiletc the body of ilie prtik, 
while the labio-scmtat fobls draw down and gnw together, form rug the 
Si-total gat. The seanilike ridge, or raphe, along the mid veil rra] line of ihr 
ivmlnm in the adult, represents the line of fn^^ion between these ctnhryonit: 
snruciurcs. 

In thr fempJe the genital emmcncc and the genital tobnrte rrinam 
romparattvrly undrvTlopecl in (he form of the rlUoris, while the umgrnital 
S!llt expands into the vestibular rntnincc to ihe t agina, and the two sets of 
folds on dther side shape up into the [abb nnnom and the labia mafora. 
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Thf Jinterior fusion of the outer lubio*Ecrotal foliis, whirh make the lahia 
niaji'iri.t in the female, becoiurs the rufllfr Teneris, 

Srxailcd human *'hermaphrodites'* usually present intermediate embry* 
onic fealui'i'.': with respect tu the external genitalia, as for instance, a snTah 
uitdevrloped penis with ;in undteed uroj^ital siit ^hypostKirliu), nsem' 
blint; the ^ooved doatid penis oi rhe turtle, 

'Hie general lebliims oJ the griiiLalia, both external and internal, of the 
two sexts in ttiiin a le. shown in I'iguies 40l> and 410. 


M. PERIODICm' IN REPRODUernON 

After reaching sexual maturity, a surge which is usually less maj'ktrd in 
die male tliuu in the female, mest animals exhibit a periodical recuTrence 
thf reproductive actixity. 'Ehis. as applied to tlit species, may l»c luilled the 
firetHiin^ Srtuon. During the breeding season the individual uimnal may 
rear I to a single sexual crisix. ur it may uiidergu several rhytlunical waves 
of iicxMal 3 t:tivity, while between breeding settsons the pairing inslincts anti 
bebaxiHr are in abeyance. 

■fhe onset of the bleeding season Ls pmbahly due to a variety of causes, 
hnih external and internal, diiTering largely in various groups of nninlab. 
Tlicre is some underlying, common gitnmd. however, for it is apparent ihat 
tile rrpmdurtivc ryric of mcKit plants and animals is timed more or less to 
aecnrd with the eh^uiging seasons, and to occur at a time that is favorable 
for the development of ihc forthcoming young. This is nsfially the spring 
nr early summer, particularly among insects, anmnd plants, and cold-blooded 
atiitnids. 

A host of aquatic forms, for example, respond sexually to the rising 
temperalurc of the water in the spring of the year. Ocean fishes shift in 
jschools into wanner shallow or surface waters to spawn, while amphibiems 
and irptlJeS, arousing from their winter Icthafjry, proceed at once to increase 
the census retttm? in their cold-bloorlcd world, 

Birds stnram northw.xrd in thdr uonual “Canterimry Pilgrimage” as 
soon as the rold of winter in onr iiortbcm latitudes has given way to the 
hrrath of spring. At this seasmi lltey show Cimsidcrably more purpose titan 
hi the more leisurely fall miilTation. The factor of changing tem[)eriitiin;, 
however, tines not svholly account fur tlie reliiarkabtc nuptial flight of birds 
in their spring migratini). 

Mammab abo generally exhibit enh,anrcd natality and rnmtship lirhaV' 
ior at the spring sr.'isuii, .According to Blssonneite it is the gradiiat increase 
in the daily light ration whirh brings .ihout thb intreaaed sexual activity of 
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birds and inammals. Even man* whose breeding ^leaiSOii hsLS ficen exrended to 
itielude the entin: year, fcck the spelJ oX spring, se* that Teim\-&on stated a 
biological iaet when he sang: 

Jii ihe spring a hvflier Mit ctmnges on die burnished dove: 

In tlie spring a young man^s bmey lightly imm lo thoughts of love^ 

The breeilmg of fi^thes in the valley of Uie Nile is during the 

anniiiil pfrifKJ nl jinmdaLitin. Limgllshes, whith pass the dry sc^ison bur¬ 
ro wrd iiiairtively in the mufJ, breed at once whcri the rainy ^season N^guts, 
being at that time nattored to activity. It is ratlier remarkable that hiber¬ 
nating animal^ as well aestivating lungfi^hes, when they awake starred 
jmd hungT)^ after their dormant sleep, proceed immediatrly to the huJ^ijirsH 
of propagating the speries before they attend to their own uidisidual needs. 
This ts a good ihustration of the imprrativx law' of reprodurtian* which 
places^ the prescr^ntirm of the spedcs above the welfare nf the individual. 

In the samesrJf-rffacirtg way die salmon of the Pacific CrOast* wiicii Uiey 
Seavx the ocean for the long pcnloits nm up nipid^ waterfall^ and past 
enuTitlc^ dangers for many hundred mika to tlieir breeding grounds in the 
upper reaches of (he Ckilumbla and Yukon livers# a^ctieally forego fcedln;s: 
and devoir ihemsdvcs cnthxly to tlir great adventure of reproduction. It 
IS tpiite probable that some Internal factor, perhaps a pbrnDlDgical ufge set 
in motion aA a causequence of rhythmical metabolic processes# must account 
for the astonishing bchavw of the salmon. It is certainly not cntirrly due 
lo the fact that their gonads have swollen to a degree demanding immediate 
action, because in the ^‘Silvxr Horde** of the salmon run fishes of alt stages 
nf suual dcveinpmmt are Founds Mfircovcr* it has been pomted out hy 
Jaeohi that the gonads of the eel, Anguilla^ w^hich migrates in the oppogite 
dirretion, from fresh to salt water for its out breeding season in a lifetime# 
do nut become enJuTged unii] it reaches salt water. 

The bleeding rhythm of some animak is e\xn gauged to a certain litne 
of day. Tliufl amphioxus In the Mediterranean region always spawms at sun- 
dmvn, and the bmious "ju^lolo warm"' of ihr Soiitb Pacific, EunrV^ nViV/ir# 
pmduccs its myriads of eggs and .■sperm in qtiimtitics ^uffkicnl to color dm 
water for mites about, at daybreak of a particular day falling in the last 
quarter of the tnoMn in Septemlscr and tXioher. 

Many m^Trtebrates hmd once for all, the act frequently marking the 
end of their life cyck, Aiiimajs Htc most mamiplak anri sc.ds bleed annu^ 
ally; ihr walrus once in three years; and elrphanta at considerably longer 
intervab. 

ThriT is a ctirioufl cnrrdatioti hriwTcn the bnrding scascin of bats and 
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a favoriible titiic of year for the appearance of the future ofiEsprin.^. Pairing 
i$ effected ui the falh a mucous plug scaling the utetus after cnpnlatioti so 
iJiai llie speiTii can winter over in the. vTigina. After copulation has occurred 
the sexes go chrif separate ways to liLbeniatiDn quarters, the males in one 
place, the females in another, where they literally ^‘hang up’' for the winter. 
Since the period of gestation in the bat k only two months, the young would 
normally be bom during the somnolrnt hibentation period—^an imptissible 
stale of affairs with no available insect food on the wing—were it not for 
(hi- fact that fertilizatkin is not cnmui rrma ted for se^'craJ months after copu¬ 
lation, the sperm remaining viable in tiic vagina of the fcnuilt Uimughoul 
all that time, 

.^mong tnammab. the female during tlie breeding season passes through 
an Pirr/rorif cycU, or ’^hcat,” in which prepamlion is made for the fcrtilba- 
tiun of the egg. If only one oestrus occuiri during the brrxding season, as 
ill die case of the bear, the animal is said to be tnoaorttrous. Polyeestrous 
animtik. on the other hand, are those which, like rtidtiite, have recurrent 
ocstrous periods following each other throughout the breeding season, 

Doracsticatlan frequently works changes in the periodicity of reproduc¬ 
tion. Many wild animals rrfiisc to breed at all in captivity, while domistic 
animals, such as calde, have been changed from a monoestrous to a polyoes- 
trous condition. ‘Fhe breeding season has been greatly extended in poultry, 
for example, to include practically the entire year, 

In the human female the breeding season is not dependent upon external 
factore, but continues uninterrupted from the time of puberty until the 
at the age of 45 or 50 years, thmughiiut which time the oestrus, 
luilcss inlerruplcd by pregnancy or some abnormal condition, recurs rhyth¬ 
mically approximately every four weeks. 

A^ciated with the oestrus in bumankind the walls of the utcruv 
undergo marked periodic mmlificadon, throughout the sexual life, in prepa- 
nitlon for tlie possible implantation of wi ovum. These dianges incltidr 
euLirgernent of the uterine glands and accuniulation of fluid in the mucora 
which becomes dlfilendrd to several timi^s its ordinary ihirkncM, a state 
which can be tuaintained for only a fr'v dnytt. If no fertilwed egg is 
implanted, the mucosa undergoes further changes, leading to «i gradual 
breakdown of die superficial layers which arc discharged to the outside 
together with secretions and 40 to 60 ce of blood, a.*, the inemtrunf /tow. 
Menstruation, which lasi,s four or five days, is followed by repair of the 
mucosa and ilic next peiiod of preparation. Counting the first day of men- 
siruadon as the first day of the oestirms cycle, the egg is usually discharged 
from the Graafian foUitle on the twelfth to sixteenth day, 11 the descending 


maiitmnliiiui meets an ascending sperm in a FaJlopian tube. It may 
beecame impLantcd m the ^ail ul Lhc ulcrus that has been prepaj^d for it 
and there undergo dcvdiipnirnt* Under ilieac eoiiditmm destructive changes 
in the xjiciijie mncDs^i do not occur, mensiruation being in abeyance during 
pregnancy and Utciation. Tliis monthly recurrence of the rec^rgamzadon of 
the uterine mucosa l^egins and endi earlier in life in the tropics than among 
mhabitaniE ol colder countries. Tlie human mensHtrual cycle hiyj been dia- 
grammrd by Comfr as shuivn in Figure 41 L 

Ethnologists find indications ul a former prLmhive breeding season in 
man coupJeil with die annua! fwests and orgies of savages and in tiic yearly 
fcsLival of the Saturnalia of Clascal limesk, when great actual itcoisc tvus 
known to pnrinil. 

VIL C\ARE OF THE YOUNG 

Many instincts and daw^uing intelligence seem to center amund tlie care 
of the young, DL^inctinr Accrmtlary' miKlthcations in the female have to do 
largely with (his function* It has its beginnings in the uncomriom equip¬ 
ment of eggs wilh nutrilive materials and in the provision by the female of 
u sdieltirriiig uterus or brood aae of fiomc kind. I-atcr in evcihition parental 
care may take the fomi of building neats in which to fncxiliatc eggs alter 
they havT liccn laid^ and of liehaiiior that supplements the helplessness of 
the net-i'ly haichtd or bom. 

In higher antmaJs there is a prolonged period of dependence upon the 
parents, a/trr hatching or birth, 'which makes ^-schooling^' possible tkrough 
association with the parents. The rdadon h a rccipitjcal onc^ for the chilli 
or offspring is an educator as well as the parent. Ciidptration, not competi¬ 
tion, is the key to tamily life eshibitcd by man and the higher animals. In 
this way the tradidons and acquiml wisdom arc: handed on among animab 
as Boon as an adequate vehicle by way of bnln equipment is elaborated 
for It. 

The low'cr animals^ on the other hand^ never have any srbooling* They 
are supplied emee for all wdth a single “bfjx of tricks^"^ or instincts, and as 
soon aft they eomr into the world they know as much as their parents or as 
much as they need lu know to fill their niche in nature. They never cun 
experience the joy of learning from their parents or others of thcir kind and 
in the majority of iiMtanccs they never even encounter thdr parentiL 

A prolonged dependence upon parentid care is mark of supmority* 
since it furnishes the soO m which budding intdUgence may grow and 
flourish. 
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The dijmirmtitf cf mankind h torrdaied wiih Ihc fact Lhai the eduoitkm 
invalvcd m faniiH life u extended over rdatlvdy $o long a time, in die ca^ 
of modern man, children do not gain Independence from iheir parents^ in 
the Rio^ ftprLunatc jn^ftances, until at least one thkd of the entire ^pan of 
life b past 


CHAPTER XVI 


Involimtai^ RegidaHoii-Glmds of 

Intmial Secretion 


L IN G1-NF R.4L 

'Ilicre arc two general devices, nervous and chtTnical, for effecting 
coortiiDation within the animai body. The fonner ts somewhat like a tete- 
gritph system, whereby messages arc conwycci from one point to another 
without matcriHl transfer, while Uie latter is more like the parrel post, in 
that substances piotiuccd hy certain orgaiw are tlurtributcd thnnigh the blood 
system to other pam of the body, where they bring about residls affcclbg 
the entire arganisni. 

The chemical regulator! of the body have ihcir origin in glands. Some 
glands, for example those of the digestive tract, are pro\'idcd with ducts and 
fiiniish chemical suhetmices railed enxpnfj. that arc indispctmblc agents 
in the urili/iatioti of food maLerials. Othera have no ducts and can only 
deliver their products by the agency of blood vessels whh which they are in 
intktiiUe contact. These are the etniocrtne glands, or "glantls of internal 
secretion.” 

The chemical substances that tliey elaborate from the blond are 
termed honnotut, which like cmiymts may act In very small quantities, 
suggesting that they are catalytic in action, or in other words tliat they hasten 
chcmifttl action without themselves undergoing any permanent change. 
TJicy nf)t only bring about functional results by maintaining chcmiciil 
cquHibrium within the body, but they also play an importani part b devel* 
opmentaL proc’csscs. The term luirmtnic mrans e&citcr, which indicates in 
general the character of this kind of intnitntiraJ mcsscngci^. Some ductlnw 
glands produce substances, however, that act as restraining bridles rather 
tJuin as stimulating spurs, and such ^andular products are called cAft/onrr 
in tlistinctinn to autocoidi, or hormones proper. 

Tlie totid mass of human endocrine glands aB rolled together would 
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cqiulf according U’ an cjiiuieiit English Liutogift, a jjarc.<il stiiaU enough to 
’‘go m a wautcoat ptKrkct" yet Uieir importance is so great that, with Ute 
advance of knowledge gained witidn the present century largely through 
pathological studies and ajiirual otpcrijncntatioii, the new biological science 
of Eit(io£Tindos)‘ hitt arisen, aV»orbuig the attentinn of a small army of 
specialbts and possessing a rapidly increasing literatUTr aU its own. 

Tlic glaiiiluiar system Involx'es consitltTably more than the ductless 
glnndb, since then: are glantls having ducLv for example the pancreas aud 
the gonads, that in addition dclivfr luirmones directly into the blood, as 
well as snl^atuies through ducts. Moreover, certain Endi^aaiiccs not produced 
by glanihi act also thri>iigli die niedium of the hlood in a immier similar to 
that of the hormones. Carbon dioxide, for iiLSlance, resulting from the 
activity of miuicle tissues, whiLh is transported by the blmicl stream to the 
rrspiratory nervous ceiilcr in die medulla wlicft movements esential to 
brcadiliig arc regulated, bcloneB in this catetjory, 

The endocrine glands arc subject to great variation and, nlthmigh largely 
interdcpendciit, their hormonesj carried cvcry'^vlicrt dial blood tlow's. arc 
effective only upon certain Fperifie organs. They arc lUtc keys to fit particular 
lorLs but not master keys to Jll all locks. 

Upsets trt the Itabince i>t endocrine activities result in various patholo.gi- 
cal maiiifcstatioris, while the loss of rertain of these glands of internal eccre- 
ikm results Lit ally, Tlic inicrlLickiiig endocrine system amemg other things 
b icsporaiihk, in part at least, for {I) the time, order, and rale of orgatiie 
dcvclopmritt: ^2) Tnctamorphi,isb in amphibians; r3,i adaptive ml oration 
in rcftaiti lart'al salamander; (4 I the development of M:eondary se,\ua] 
rhararters; ( 5) a fruisiderablr part of visceral eantml; and (6’j many phaMS 
of behavior, parlTcularly the "emiitions” that contribute so much to the 
psyehk life and to the determination nf “iM-rsnnalily,** 

Tlir prr«it)ility of conimllitig and regulatiug the fijiicdousof the ductless 
glands has opened a new broad hdd for experimentatinn and medical pme- 
lire, with the iiievitablr and often deplorable accoinpaiiiment of much 
luifoiinded sprcn1atit>li and quackery. 

No duel less mass of cells whirh is not muscular, ncrvotis; or skeletal can 
rstape the suspicion of liring iiivcilvcd in the erjdr>rruic system. For c.xample, 
the spleen h,u> licen suspected of uulucriiic affiliations altliougU the uidy 
fu tin ions drfmitcly shown for il h.'ive to do with the ciTculatory system. 
.Sids^tatu'csslniibu to vcilchr,'ilc hutmnties, ussticiated with such plumomenn 
.%> color changes In crust.it'e.iiL% and TnrtamMrph<«i* of iiuci^ts, have already 
been discnvTred in invTTTtebratcs dcspiie Limited investigations along tins 
line. Plants Ilivc also hrrn found to produce cerLiln suliHiaricrs; that act af,.cr 
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tile lonj^-arm method of hormones upon stracturcs distant fj-om the poiru 
of their elaboratioiu 

For convctiioicc in deiScripiion^ the principle cndotTkifr structurts of the 
vx-nebraTc body (Fig. 412) foay be grouped into four catcgcnics atcording 
to their gcnt!ral boitioni [ f^haryngud (Lbymith parathyioid, and asoci- 
ated glands); {2} (pineal, aJiteriiar and postmor pituitary); (3) 

{testes* ovajfies) ; and (4} abiii/Tntnal (pancreas, intestinal^ iidrenals)* 
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Fiff, <J2. DiagTHH) (»f the endocrine (Froni rhart in Enducrin- 

ohgy and AUtiibtitum, cdiiea by L. F. Bariwr. D. Applttan aaii Go,) 


I!. PILVRVNGEjVL GLi\NDS 

L Thymii 

The vertebrate phantix is a reginn of much cvolutionarj- modihratioii. 
Otic of the oldest structures fomid Lbcnt is tlic thyroid t^and. foreshadowed 
hi the tndottyU of tunkates and amphioxu* {Fig^- Ul and l^), where it is 
an open groo^T In the floor of the pharyns, hued with mucus-producing 
celJs and suppUed with long cilia (Fig- 3lf0- 

In other vertebrates ihcrr is a simibr et-aginatlon of endodemmi tissue 
from the floor of the pharynx between the first pair of gill pouches (Fig, 
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413) that coiTcsponcb iw the endostyk. h begins to develop very early m 
nmn« when the eailnyo is abouT 1 trim, in lengthy and dots not Tail to put 
in its appearance in every vertebrate, it soon losea its conTicciion with the 

phaiynx^ htnvrver, and becomes a duct¬ 
less glandf made up of a niiV* t>f dosed 
foil kies, Hurrounded by connective tissue. 

'Ihc duct of this coihryortic Eh)Toid 
gliiiid still remaim open during the ‘*atn- 
mocoetes**^ stage of the lamprey eel hut 
h ciblitenited in other vertebra u% In man 
It dkappears by the eighth w^eck of fetal 
life, altliDugh its place of former opening 
is marked hy the tat^cum at the 

base of the tongue [Fig- 2'A'i). 

Tfic thyruid grows slowly but steadily 
thfLiiighotn the prenatal pcri<id, initii at hsrth its weight is alwiui 0.t25 per 
cent of ilic total weight of the body. After birth, while 1125 actual weight still 
inrrcai^c^^ im relative weight decreases, so that eventuaJly in adult life il 
nomiitlJy hajt a weight of iibfml 40 grams, being somewhat heavier in the 
human femate than Jn ihc male^ 

Tlir hliKid supply ol tins glarid, which comes from both the carotid, and 
ihc flulndaviati an cries, b very generous. Wiedersheim ^Litci that it may 
equal or txen exceed ihai nf die brain. 

Ill mosi fishes thr thyroid gland is composed of several groups of loose 
falliclrs mattered along the \rntral aorta, but in amphibiam, reptiles, atid 
birch, although double cmbryonically, it becomes increasingly compact, and 
m niaiiimah fmall) stssunics a liilolwd shape, with Jlattencd tateffil porlions 
joined iryprthcr hy a cutmtiuing hihmus (Fig. 414)* 

The shifting of the th>Toid gland from itA oripriaj anterior position in 
the floor of the pharynx to a more posterior sUuatiun near the upper part 
of the trachea is niadc po:hslhle because it b in no way anchored at the point 
of origin by a hampering duel. F.vcn' time the act of swallowing takes place 
it mfsvo up and down wiili the larynx. 

Olwiniisly there hits been phvlogenetir chatigr of fiinelion in this organ. 
From a device, paitmlly gbndidar useful fur tlie cnecbanical manipulation 
of ftsod parthles taken in with water, U has become an euiloctme sLructure, 
producing a linrmnne aflcLting the nxidadon processes, and consequently 
the rate oE living* Davtmport aptly says of the ejidocrinr glandti generally, 
**Tliey ,'irc Tuade up mostly of odds and ends of more or leiis dbtarded 
cirgam, tlir gniiark of Cnimsr rxrqjicd."" 
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The hormtjoe produced by the thjTcncI gland Is thyToxm^ a comptauiid 
rich in iodine, whkh has bem not only dieniicalty isolated and crystallized, 
but also artificially syrtthcslzcd. Kendall of the Mayo clinic had to use 6550 
pounds of fresh thyroid tissue lo get one ounce of pure thyroxin. 

When introdiiccd into ati animal cither 'with food or by subcutaneous or 
intravenous injection, it may produce ttiiii’ked results. Tadpoles, for exam- 
pic, fed with thyroid gland, change into tiny frogs the aze of a fly without 
“gniwing np." If instead they art thyroidec-tumized, they grow into large 
tadpoles without metamorphosis. 



Fig. 414, THynjid and thymus in a child ane ffiMlh nlA. (After 
01i\4er.) 

Human beings with a ckficient thyroid apparatus while still ymmg chil¬ 
dren may develop ahnormnlly into utifortimatt defectiv'es called crrfirti, 
having retarded or imperfect physirul and tijtma! development. Thymid- 
defident adults may sniffer from myxedema, a condition characterized by 
over-growth of connective tissue or fat, loss of hair, wrak muscular develop¬ 
ment, oedematouB akin, hnpovierifibcd blood, deficient scsuaJity, lowered 
metabolism, nervous depression, and Irequcntly impaired mentahty. For- 
luDaidy this condition may be relieved or removed eniirely, when taken in 
time, by the proper admiidstration of thyroid extract. 

An excessive rievrlopmeni of thr thyroid gland rcBuIta in ahnormally 
increased oxidation and manifestatmiis of disease such as fx&phthtdtrtic 
goitre, or Grui^ri disettse, in which the patient becomes ext rerod y nervous 
and thin, exhibiting cbararieristically protruding eyciialls. Thbi h a serious 
pregrossive distnrbaiiee not to be confused with cornruoft gnftrir, an enlarge” 
ment of die thyroid due to deficiency of Iodine, an essential constituent of 
thyroxin. Common goitre usually results from living in a region like Switzer* 
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Ijinti or the Midwest in ihf United Slates where the soil, jand consequently 
fcxKi maLerials derived thernfrfjmi lack iodine. 

I'lic pcTJodk admlni^tmliDti (?f a iymili quanlity of sodium inilidc to the 
school chsldim of the Middle Slates far removed from the sea shore, has 
residlttl 111 tile; redutLitjn of tiic occiifTcncc of eomniOD goitre in Lhnse 
regions^ 

The thvinoid ^laud ]ma been aptly calletl the "pate setter/* ot metabolic 
regubtor of the body. 


2, Famibyroids 


Budding <irr cmbryonically from the walk of Lhe gill ppuches arc various 
cpithdud sttnetura dnit Uirr hr come glandular. Among these arc the 
^piiheliid bodies^ thymus fihiTntfbrmrhinI b^dieSt and piirfithyroids. 

In eydostonics them arc Bc^cri separate paim of these struclares which 
form the tpithdiaf bodjatj j^ilnated in the vrninal tTgicm of ihc gill punches, 
lliry are lacking in tdeosl fishn», but Imm the arnplubiitna on there are 
usually present at least two pairs of glandular structure that are probably 
hnmologam with cpithdial bndiea, sinec: \hry juiar like them fmm the dorsal 
rrgirin of the gill poucheSp panicakirly from the third and fourth pairs, 
£{»thdlal bodies, which have been idcntlfird in hzaids^ 5>Gme birds, and 
many mammak, are known as penaihyrmds (Fig, 413)» because they even¬ 
tually assume a petition either in direct contact with, or close to^ the thyroid 
gland (Fig. 415]. 



Pamlhyfojdl 


Pift4t«rierf 
Thyrcid Artery 


Fte- 415. TJit ihvTiiJd luid pnrathvrdd ^luadi iJii^wn ftcmi Lbc dursi 
^efe^ {Afier llahicd :ind I’iVaui.'i 
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Jij nian ihcy arc small hrawni'sh yclUiw fncajiSiiIeJ bodies, two pairs of 
whJdi Oisually lie cmliicdded in tbe medbin donal ^iiriace of the thytoid gland 
ijn either side. Still others may oceur in the thyroid or farther down the sides 
of the neck, even fur poftcrior as the th^tnos. 

Although in man their combined weight is less than half a gram and 
their massed size a few mill i meters in diameter, they are indispensable to 
life, since their complete removal jdway^ resiilu in death. Children’s con^Td- 
stens are found to be corfclalcd with pantthymid deficietity, and tlic fatal 
tetanic fits, which almost invariably followed thyroideciomy in the earlier 
days, are now known to be due, not to the removal of the thyroid gbmd 
Itself, but to the accidental cxUftKUkii! of the parathyrouia during tliyroid 
upemtions. The hiormonci produced by the parathyroid glands play an 
important rtlc in the vital calcium metaboUsn; of the body, 

3. Thymus 

The thpntis gl^ds, like the parathyroids, have a multiple origin, but 
come from the \T;ntral region of the gill pouches instead of the dorsal region 
T'ig, 414). Although present in all vertebrates, they remain epithelial in 
f liaracter in some fi^es, while in highei forms they become lyinplsold and 
highly vascular. The different tmihryonic elements of the llijmus froqin ntly 
fuse together to lonn centitiuous masses of tissue down either side of the 
neck. 

In ma mmak Including man. the thymus gland is principally derived 
from the posterior epithelium of the third gill pouch. It reaches its actual 
maxirniim in size at about the Time (if piilierty, although its grcatm relaiit^ 
size is attained much earlier, in Infancy, 

ITie total removal of the thymus is not fataL Although its function is not 
known, Gudernatch has shown that tti tadpoles fed upon thymus growth 
Is accelerated and metamorphosis is delayed, an effect pjst opposite to that 
obtained when thyroid is employed as food. 

Recent resea re hra haw 1^- no means sustained the hypothesis that the 
thymus is an endocrine gland. Hoskins siimmariacs the present stale of our 
knowledge by saying, "In all probability the organ is of aignilicancc in the 
physiolo^ca] and paiijologirat processes, merely by virtue of its lymphoid 
character," 

4 > UlliDuibrartrliials 

The tihimoitTanehidi CFig. 413). as their name indicates, are the most 
posterbr of the scries of pharyngiial dcrivati™ which may be suspected of 
endocrine actbitles. They arise behind the fifth pair of gill pouches. Only the 
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kft uldmobranchial body develops In tb:ard5 (Pi^* 416), and thdr occumticc 
in biitk atid niaiiiinai'? bt douhtfuL The mltimobrancliial bodies iti frniction 
may be coiiciected with other Ijttipiioid striicture^ throughovil the body,, iiki^ 
the tonsilsf which arc abo pharjiigeal dcrivsnives. 
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Thyrdd 
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Fig, 4*6. 


B. BIRD C MAMMAI 

Fharyiigral gbndi. (After Daemon,) 


III. CRANIAL GLANDS 

The pihjkary and pineal bodies arc two structures on the ventral and 
dontat j^dea of the brain fcspccUvcly, which require special considcmtirm in 
this Lunncction. 

L Pituitary 

Tlic pituhiiTy 4 ciniplex has been termed ihe -^master gland” in dife en¬ 
docrine s>-stcm because the actlvily^ particularly of liie thy mid and of the 
gonadal glands^ is mteriocked with and initiated by this gland. It has been 
iipliy called by the French phyTdologku enigmatique^^^ 

It is a compoimcl stmctiire of double origin, located most inaccessibly 
juEl behind the optic chiasma in the space bctw'ccn the roof ol the mouth— 
roof of the uanal rarity in amniptes—and the ventral side of the brain. In 
man and higher vertebrates it lits ensconced in the jdtfi tuuicii, which Is a 
cradlc-likc space hotlDwed out in the sphenoid bone of tlie cranial flour. Its 
dual origin is due to the fact that a part of h is composed of an up-pushing 
growih from the roof of the stomndanim which meets and becomes incor¬ 
porated with a dow'ti-pushing extendon from the flour of the faraio, Thr 
stomodaral portion h the adrn&kyf^physist the neivous portion the n^uro- 
hypophysis^ Phylogcnctically it Is very old, being represented in oil living 
vTfiebratcSv 














llA rdLuive size decreases frotn the Inwer to die higher vcrtcbrans- In 
atliiU mm it is **aboiit as large a^ a Itazel nut/" or rather less Uiaii a cubic 
crntiiticier ui bulk* wcig^hiiig nuTtiially 0»5 grani. In m>TtiaDitis k disibarges 
its stcrcUun? direedy tJitw Lbe pharynx, but oLbei^ise throughout the vene- 
hratc fseties it has bcctune a ductli^ gland, ccmcemcd soldy with hiterual 
secretion. 

The name ^'pituitan'/' meaning phlegm, was given to diis structure 
because Galen and the early analomisis, who had already discovered it^ 
tikougbl that it produced nasal secretions- 

The pituitary hidy consists primarily of three parts: cme posterior, /wrr 
nen'OrUj one InterniediatCj pttrj i and one anterior iu position^ 

pan In sonic vrnchrates there is disiinguishabk, iu addition, a 

Jio-calied Uebetgnngsieily containing irajmtional typOi ol cells between those 
characterizing the anterior lobe and the posterior lobe, as ivcll as a pUTS 
tubrralh a^ciated mnstly with die anterior lobe. The pars tulicralis has 
bren found In amphibians and mammab but is absent in cydustumes, ^mc 
fishes, and most tepriJes. 

(a) PcHtrrkir Lobe.—The pGstetior lobe, or pars nervosa, of the adult 
mammal consists of a ncimi] portion derived Imni die brain (Figv 417 
ft ts formed from die infundibulumf which is a downgrpwth of the dicn- 
tcphalon of the brain (j^ce Fig. 630)* 



Fig- 417. DigrammiUic lagittal «ctwfi tLc fiypoptmE^ Tlie cMt u 
the remains of the r^viiy wl Rathkct pt'flJiili. {After At well*) 
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Ute hormniie pituitrifit produced by the posterior lobe of the pituitary, 
has to do with fat fnrtnalinn, tlic production of urtM, and the devdopment 
of tbe sexual apparaius, the whote structute in the reimilc increusuig in sko 
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during pregnancy. Pituilrin sLimulateii smontb ntu&de cells to contraction. 
It thiTcforc diimnldtes tJie caliber of the arterioles, thereby bringing about 
both an increase in hlood pressure and a reduction in urine secretion. It is 
used in obstetrics to accelerate the contraction of the uterus and diereby 
liasten (tartvTilwn, the ddit'er^' of the child. When admlntstcred at a later 
stage it asibts the utrms to return tn its resting condition. 

By giving pituitrin to pigeons. Riddle succeeded in bringing about a sort 
of abortkiii in these blrdis, since il caused, them to lay eggs at an except ion- 
ally early stage of development. 

( h) Intermediate Lobe.—The part inltTmedia is Uic least vaitcular part 
of die pituiLiry ma.^, but it is iievcirdielHrss apparently secretory in character. 
It Is well developed in lower venebrates mid in all vertebrates St separates 
the anterior lube from the pars nervosa. 

Both intermediate and atUcrinr Jcibes have a rommon origin by way of 
an ectodcimid rvagination, Rathkf^s pettrh. which pmhes up from the roof 
of the mouQi and eventually Iweomes cut off after ctuning in crmlart with 
the posterior neural kibe, (lushing cum pares die whole pituitary apparatus 
to a IkiII held in a boxing g^ove, in which the ball itself rrpreMmts die pcfi- 
tcrioi lobe, the cover on Lbe ball tlie pars intermedia, and the glove die 
rtivekiping anterior lolx:, whit h inercasts in size and importance in the 
ascending vertebrate se.ries. 

(c 'i /\iilrrior Lube,—The anterior htfrtr, whU h is the largest part of the 
pituitary apparatuii except in cyclostomca and telcosts, is made up of at least 
three kinds of rcUs dial stain differently and consequently arc of diveree 
chemical nature. 

Of I the periphery are basofikil crib, which lake basic stains readllv. In 
the center are ofiriophit cells amenable to acid stains, vi'hilc thromnfritob 
tcBs, that arc not easily affected by either Im.’nc or arid stains, are scattered 
UirougJirmt the structure, iy>miileliitg the “ABC*' trinity (acidophil, baso¬ 
phil. chromophob] of cell components. 

Tlic anterior lulv pioilui es several liormoncv at least one of which regu¬ 
lates gniwtii while othrn. stimidate the gnnads \ nanfidotrofiic hormone] , the 
tliyroTd ithyrotropU hormonf]. or the aJrmak Insuffklent grototh hor¬ 
mone rrsiults in dwarfiim while ritcespc!! of this »uh®tan. e bring about gigunt- 
ttm or, if pmthunl after maturity, a ronctiliou known as ocromes^ly, the 
excessive growth of crnairi hones iuid joints. 

Tlie complete removal of the pituitary probably results in death, 
although the diffTniUy of access to it, and tlic resultant uiiavoldablc injiirv 
10 ndphboriiig brain tissues, may tic the reason for fatal n»u1b frequent 
m uperatioits upon it. 


i/ivufun^ory 
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2. Pineal Body 

Oti the doreal side of the brain and completely concealed in the higher 
vertebrates hy the dominating gniwth of otliiir parts, T^ a snuill sLillsIikc 
r^-agujaiion of the brain wall called the epiphyjis, ur pineal body. In fact 
one or another of three different simcmrcii, the paraphwis, parietal 017 ^, 
and epiphysis (Fig, 418), all of neural urigiti and easily caufused ,is to thdr 
pjobable humologics, may be located in this part of the brain. 



Parophysj! 


Hob^nulor Nucbiu 

Velum Transv$rsum 


■Optic Lobe 
Epiphysis 
"’'Porwiol Body 
Poftarior Cctfurntuujit 
ThinJ Ventiicle 


4IIL Ev^as^iniitiE^ns of ihc rprtliiiliiTniia ihoim in teaion, 

t^nly the root of ihc brain U shav^TU [fVfEcr JohiiEt^^} 


Thr mDsl anKtrkir ai thcM striwrtures is the pamphytilp which Ees dirt-cUy 
in fjTJitt of the mlum iiann^fniim at ihe Junction between the ccrebraJ 
hemispheres am! the dienecphiilon. The paiielal or^an is sensory in rharaetcr 
raUirr than gLmduLir^ and m Spkrn&dtm and some other ILsards it liecomra 
a meduin eye-stalk of more or Jess efficjemrj-, reaching ihc top of the head 
under a window^liie foramen that pierces the skull. The tptphysis and the 
parietal body^ atthaiigh arranged in tandem fashion wlirnever both are 
present, as in eyrlostomes, were probably oner paired SEructures lying aide 
by ride The epjphyris h the more constant of the two structures, being 
almost universally pneseni in vertebrateB. Origtitally probably a sense organj 
it has become glandular and even fibrous in character. 

The pineal body in mammak is the persisting proximal or ba^il portion 
of tile epiphysis. Its shape rtsrnihle^ iomcivliiLt that of a pine cant^ from 
which circnmstiincc it takes its name. RelaiiveJy longer in children than in 
adults, and attainiiig its beat developmcnl in man at about seven years of 
age whrn involutionary' changes begin tu apj>ear* it measures only about 
B mm* in length. 

The pineal body ha^ Ixcn tmiwu to anatomlAts since early times and has 
ulwa>^ been a.iimrct of much enriasity and spreubtirm. Repated attempts 
have been made expcrinicntally to dbrover its acdiity and to Mcertatn sii^ 
nihiiant stmctiira! modihcaticiriEi a.^vruited with ah normal conditkms in the 
drvidofiinent of this of^Hi but the rcvults ha%T hem conflicting and disap- 
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pointing. The fact that It Is a highly vascular stmcture, frequently lobu* 
lated like a gland and conUening .vccrctcd pigment^ haa raised the susplcian 
that k may have scjme endocrine funciion^ bin its extirpation does noi seeiii 
to be folUm'cd Ely unmistakable physiological consequences, except that 
ipcxual malurily b sonicwhal hastened when it is destroyed. While it is no 
di>iibt a degenerate strucruTCi it may possibly be of physiological importance 
i^jtb Bomc obsctirc endrKTrjnc fujictiori^ yet hardly nrnrr has beru pmved 
with regard to it today than when l>escarte& (1596—1630) three cctitiirie£ 
ago i^uessed that h was Lhe ""seat of the soul.” 

l\\ SEXL1.VL GL.4KDS 

Ai^ already pointed niit in the preceding chapter, the gonads, err prinian.^ 
repn}ductive nrgans, not only furnish either sperm ceUs or hut they 
arc obo glands id IntemaJ ^-^ccftrlinn. 

\Micnever castration tKcnn* licfonc puljcrtyj the so-called secondary' sex¬ 
ual characters fail to develop. It has been alitivvii thal this resuk is due not 
to that pan of lhe or o\ary which produces the sperm cells or eggs^ 
but to certain rntTOtitial glandular ccHs of endocrine fuiicduti, called 
*'piiln:rty gbnds” (btemachj. 

L Male Ckinacls 

There aie three kinds of celb in the testl^ namely., spermatogenic. Scr- 
tab cells, iiilcnilitia.1 cells. The first two make up the w;ills of the seml- 
rufr'miis tiilmles, while the iuiersttttal cells are grenped arnnnd the blood 
vessels in the sp^tccs bcTwccn the tubules. "Lhcy form before the germ celb 
do and rt^spond dilTerciilly to various stains, thus Indicatmg ihdr spcclTic 
rharaelci. Moreover, diry do mit succumb lo the lethal idfects of X-raya a5 
qulrkly as do sperm crib. 

W’faeii an animal is deprived of the hotmoitcs produced by the interstitial 
tt^ucs of die icsib, there is a lendeficy ftir dbtincily nialc f haracteristits, 
n\wn as the hoTTw of the istog* the plumage colors of maJii bu-tK ihc dismbu- 
tioii of hair diat marks the male mammal^ and particularly male Ix^hadof 
m courtship, to rr\TTt to a nnitol iondjlinn. Interstitial glanddar ti^uc. 
however^ is not fniuid in the testes of all vertebrates, and k h equally true 
Unit many vertebrates are without secondary sexual thuracteis. 

2* Female Gotiads 

Small groups of intcmitial crib were dbeo^ered itj the ovary by PHiiger 
as caflv as 1863. but subicqurnt study thus far orilv goes to prove that they 
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lack the murphulogical individuality' of the testicular cells and 

may iiat Iteluug ui the same endocrine category, in the ol certain 

mammals, including man, at least t%vo hormones are produced, ndrof'ea, 
ionued by developing Oraa/ian futiictes, anrl progesti^fone, elabuitiLed in llie 
iOTpus iuleiitn which U formed in the follicle, after the liberation of the 
egg, by prolilcralion of the cells of the zona granutosa. 

Estrogen b as&.*ciiited with the development of secondary sexual ehar- 
actm and, after puberry, rr^ilnies ocstrous and, in l*rlniaies, the nuuisirtial 
<ycle- Progrstemne inilialis the changes jireparatory to implantation of the 
oMim and also may inhibit fjestrous and tnetisiruation, which does not ociair 
w hen the corpus lutcirm persists as m pregmincy and some paihciltigicui] con- 
diLiutts. Apparently dcgeiiiTation of the corpus lutcuni, gradually cutting off 
the supply of progrstcrane near the end of geatation. h associated with the 
onset of milk production, or laclntiofi, and tlie senskiring ol thr uterine 
muscles to pitnltriil, which leads to parturition. Pearl and Boring have also 
demonstrated tiic presence of luifitt rr/fr in the ovary of the Iten, alLbongb 
the marnmnUan functions just rniinicrated d'j nut occur in hird^ 

It will be noted that whate^'cr endocrine tissues arc preseul in either the 
ovaries or the testes serve in tlic long run the same geneml purpose of main¬ 
tenance of the specks ns do the primary sex cells produced in the gonads, 
since secondiiry sexual characters contribute indirectly to the gmeiaJ func¬ 
tion of mHitiiig and fepnodvictioiL 

V. ABIKIMOSAL GL,VNDS 
I. Adrenals 

'Hie atirettah, or stiprurtnah. arc compound endoertne glands peculLir 
to vertebrates, fn man they' are two small hut important structures, wetgh^ 
ing only eight or nine gr^uns each, which fit “like cocked huts” over the 
anicmmejaul entis of the kidneys (Fig. 41tV), They are enclosed in delicate 
bin firm capsules of cnmicetive tissue that sep;tratc tliciu from the kidneyTS 
to which they are closely adherent hut of which they .trc physiologically 
ifidcpcTideiii. Tln-y are relatiwly the most richly \‘ascuiari7ed oi^ans of rhe 
Iwdy. siince five or six times their intrinsic weight of blui>d passes threiugh 
them per minute, Tliey are somewhat smaller in the female than in the male, 
and frequently in the same individiial the one on the right is smaller than 
that on the left, 

Aithiiugh discovered long ago by Enstachius, who has so many utlier 
anatomical discoveries tn his credit, their slgnificaiice and importance a.<i 
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endocrine glands has only recently been made clear by Canriim aiul others. 
'Hie firjjt homiEHic to lie Isolated in pure form, iidr^alinf. or epinephTin, was 
obtained from these gUiitK Tim ^itWlance, which lias also been dieinically 
synthesized, is known to cheiinsts as oTlhi>-dwxj^phmyi-£tha.nid-mefkyta- 
fii/jie. 

In stnictLire the adremih ronski of an ouler ^<jiTl^3c and an miier 
medulla, These two pans are not only rdprplioiogicaJiy and cmbrjonicany 
Jktinct, but arc alKs chemkafly and ph^dogiciiUy diflencnl. 

In origin tlterc b a close refaiionship between the inner mediilkry cclb 
of the adrenal glandsp which produce the adrenaUu 
harm line* and the sympathetic nervous apparatits 
When tnigrating cells of the central ner^-Quus syis- 
tem l>ccjumc detached duriTig development and 
nwc oTii to establish the sympathetic ganglia, they 
arc of two kinds, although indiellngnbhabk with- 
out recourse to deferential lining. Scune of them, 
iympathoblnsts^ become involuniary neurons of (he 
sympittheUt: ganglia, while others, ckromaffino^ 
blasts although of conimon origin wilJi the sym^ 
pathtiljliasis, are transformed itilo ^so-called {-hfom- 
csth^ since they show a ^pecutt affinity for 
throtnic-^cid salui, laking on a distinctive hrownisli 
color in the presence of the Utter. 

These rliTotnafFin ceUs form glandular endocrine 
tnosscB, and the extent to wiiich they may be stained 
by clmomium campoimds it proportknial to the amuimt of adrenalin whidi 
they an: pnniudng at the lime. 

It 13 the chrortuLlfin derivath'ca of tJie rocliac plexus in the autntintnic 
rairvous sy^ent which give rise to the medulla of the adrenal gbntb. Chro¬ 
maffin tissue, however, b noi emifincd to the adrenals, hui may be associ¬ 
ated with any of the SyfnpatlicEJc plexuses or ganglia, forming fmragm!giia^ 
or i^hr^maffin boditi, «I ^orioiLs sorts. These are frequently aasadated with 
concentniiinnfl of iapillories, as (or example in the ciir^iid glands at ihe 
lunciion of the internal and exienial carotid arteries, and the so-calkd mrik 
bt^diei 0/ Ztiktrimdl, two or ihree m nirmlxT, whicli am near the aorta in 
tfir human fetus anil during early ehiidhood. 

In fehes ibc chronie-stainmg ndrcnaliii-sccreting tlfsuc is not concen^ 
trated into a mrdtilU wiihin a cort«, but Ls a diffuse dunblc row of groups 
nf cells a^odated with iht tnmUinc chains of sympathetic ganglia. Ihiring 
the phylogenetic asrent of the trrtebrate scrii^, the neiironie elcmenEs of thU 



Fig. 419- tiuii^An «a;ira- 
nrnah. (After Heili- 
thuzih.] 




512 


partnerahJp increase fn titJtnf>cr and impottanccj whilf the chrnmafTiri cells 
diminkfa. 

In addition to thr chromaffin bodies in fisbes there art^ lying between 
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the straplLke kidneys, two cbn.^ted 
masses of tissue, derived from die coe- 
lomic epithelium, and named from 
their position the [Fij?- 

420). These arc destined to form the 
carik^ part of the future adrenals. 

A tnmsitory evoludonary stage is 
presented in amphihians, in that the 
original clow^ connection bcfvv^een die 
chromaflln cells and the s^inpathedc 
lia b partially and the inter- 
renal tissue comes into close contact 
witli and begins Id envelop die chroiti- 
iifFin bodies. This new assoaation 
Ijccomes stilt more intimate in reptiles 
and birds^ hut H h only in mammals 
that a definite chromaffin medulla be¬ 
comes established inside mi intcTteiial 
cortcc. The lower the species widiin 
the mammalian line, die greater is the 
rclaiuT amount of the cortical com¬ 
ponent, 

Tliere are various theories as to the 
function of the chromaffin system. It 
is known that when adrenalin is in¬ 
jected into an animal there is a stid- 
den, decided, but comparatively brief 
rise in blootl pr&vurc [ the hraft beat is 
steadied, Incoming slower miiJ more 
powerful; there k a quick increase of 
emergency sugardnd () 
poured into the hlixid stream; and the 
muscles^ panicuiarJy the involuntary 

muscles that art siippUed by sympathetic nerves, are thrown at once Into 
their must efficient stair of toiiu&. Tluis^ in cmcrgendea, tlie temporary 
'^strength of desperation-' k furmshed by the adtCTalin, and fatigue h for 
the timn bankhed. 


B 

tntBiTienal \ 

Chrornofiin Body 

Fig, 420, The inierrcniiU and ebrom- 
ulhfi b«d]>s nf Squi^lm. A, vrmmi vieWi 
dii^wfii 4 rUc^c siTUT:tiJr« r^iKued hy 
rrtiuivjk fif part uf eadi mcwneiihiosL 
H, crow APi!iHin tliftwing posit Join of 
Ifli^uds ajicl -cxlcnj of pari in 

A. tAbrr faiix and WymiifL) 
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Although minmc quantities of tHs hormone arc Lo \ht iiormat 

process of mctalx,Jismp ii is not siippikd conlirmovisly to the blo^xl in any 
great quaniiiy, but only as octaaion demands to ewet some transient phy^- 
Icjgical crisis. 

A separate hormone, CJ^ftin, Is developed from the adrenal cortex, either 
singly, or a group oJ hormones hating a common base, it plays m impor¬ 
tant rftlc in carbcshydraie metabcilbm ^nd aids m Uic utUkaliDit of ccrtaiii 
TTitamin.^ which are indkpensahk comptmeitm td fcjijds. According to Swhi- 
gle^ CDJtin has to do with maiiicaining ihe acid-base equilibrium wlthiu the 
litulvn 

At least one pathological ccinditioii, disease^ h defmLtely cor* 

related either with deficiencies or lesions of the adrenals, especially thos^e 
arising from tul^crctiJofiis, This disease, which was finsl de-scribed a century 
ago by Addbesfi fmm Guy's Hospital in doitdon, is chiuiictcnjcd on the part 
of tile patient by mascular weakness^ low bli>cxl pre^ure^ digestive disturb¬ 
ance, and the appramULe of peculiar brojtzje patches upon the skin. 
Although the course of die disease may be somewhat modified by the admin¬ 
istration of turtin^ fatal tcrminatiori setmes to be the usual outcome. 

The adrenals undergo precocious grtiwih, reaching their largest rdativc 
slate In man about the third fetal ruontli, when they are as large as the neigh- 
Imring kidneys. 


2- The Lsiaods of l.angrrltaiLS 

Tlie pantreas is another gland compounded of tw-o kinds of tissues. 

The pancreatic celU pnprr iire grouped about system of drainaf^ 
dtters, and thr sulstances elaborated by them are Iinpoitant dJgraLive 
enzymes:, wliitb escape through these ducts into Lhe small intestine, as 
dcsrril>ed m Chapter XT. 

Throiigboul the ^'crtrhrates there appear in isolated groups between the 
cells of this glandular system dislLnct mteral^'eolar cells airajtged a? anos^ta- 
TTioaing ccrtls alternating with iinmoids and forming rmmded ma^ise? { Fig. 
270). TJiey hav'e no outlet by way of ducts for the substances that they pro¬ 
duce j ami consequently resort to the eudorrine method of dlspu^l thrEiugh 
the blood system. Such intctstiiial of endoerme tissue me knmvn as 

die tilantis of tjoigerham. 

It ha> brrri aw ertained that fnjfi/in (iniubi^ L4and), thr hormone which 
they produce, affcctH curliohydrate meiahcdis.m by regulHiting the uso of 
sugar within ihc btKly. DLSUirhanrcs in this fuiicdon lead to the pancrraljc 
disease of diabittrs^ which » characterised by an excess of iinnxldi 2 ed sugar 
in the blood anti urine. Thr* eondilign is lielng clfeclivcly treated by the use 


of insulin^ wliich >¥as Brsi surcrasfully istilattd by Bating and Bi:st in 1922. 

In fishes the tslaadb of Lange rhmis are condensed into large superfidal 
lumftt that oiay be easily severed from the remaining pancreatic tissue, bin 
in highc!- farois the charaetcmtic grouping inio small insular masses occunt. 
It ii cstioiatfid that in the pancreas uf the guinea pig there may be as 
many sm 23,nt)t) ""blanda^” ii^ hileiji man thrir number nuiy exceed a inilhon. 
rhey are rather more abundant in yioung aniimJs than later in life. In man 
they' make their appearance frrel in embrvos about 54 tntn. long^ 
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CHAPTER XVII 


The Skeleton 


I. THE ROLE OF THE SKEI.ETON 

In Eafiiel’s famous vfeion of bones as described In the Bible, “there were 
very niajjy in the cipcn valley and, lo, they wrre very dry, but it should be 
recalled that the prophet bjuvcly addressed Wmsclf to the bones as folloMfS: 
“f will lay sinews upon you, and will hrtng up fiesh upon you, and cover 
ynu with skin, and pul hrrath in you, and ye shall live.” 

To male dry bones, wherewr found, live again is exactly whai biologists 
liave been trving to do ever slncCi with the gratifying and somewhat surpris* 
Ing result that the study of bones, with their many transforniatiora and 
bomulogies, turns out to be one of the most nnitiiiitcd chapters in all coni’ 
parativc aitatoniy. 

The student of anatomy usually bcRins with hones, since they arc easily 
available, can fjc used over and over again, atiii anr not iiopleasanl to 
handle. If he succeeds in passing undismayed through this valley of dry 
bones, he feds himself initiated and ready to go on with what are generally 
regarded as the livelier aspects of the subject, 

'Hie vertebrate skcttcui is couaidcrahly more than dry bones that furnish 
a scaffolding for the snfter parts of thr body. There arc at least five speeilic 
uses to which the skeleton is put, namdy, {I) to gKc protection to other 
parts; (2) to mate a framework for the support of the body: f 31 to furnish 
a firm as well as an adequate surface for the attachment of mu^tes: (4 i to 
provide smtalde leverage for locoinoinr purpows; and (5) i« keep up a 
ccintmnntis tnanufai lure of red blood corpuscles in the marrow tissue within 
the c-ix ities of the bntiss, 

protection n itnc of the earliest nf skeletal functions to develop pbylci- 
gcnriirally, fieing found wherever life Iccms, even in plants, Amom? inverte’ 
bratr animnb it rr-arhes its mi»1 effirient ebboralton in the limy sheik of 
mofluslts and the diitirious armor of arthmpod?. Traces of the external 
skelelon of hivcrtehratca in the fonn of scales, nails, and various hard corneal 
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stnictuTt* still persist among verteLrates, ittthangh here die funeijnn of pro 
tectifiii is priiidpiilly luJtrn ortr by ihe living endosketeton as represetitrrl by 
die boxlike cranium arainid (.be brain, by tin* neum! arches of die apinut 
ttili-lmn cntkttiini’ the nerve cord, iuitl hy the thoiatJc basket which provides 
Siifictuary for vaiioiis important soft urjpins (Tig. 

Hii: skeleton lir a support, that is, as ait intrnial living icafToldiiijg on 
the outside uf which musM tc? arc arranged, instead of n lUdtss external 
armor, is a brand new idea preuliar to vertebrates and is of far-rraching 

cvoliiliunary sign!firanee In the anloud kingdom. 
Obviously, a living growing endoskclcton avoids the 
limitations of si/e imposed by invertebrate exoskeie- 
ttjiUL Jls rapiicity for continuous growth and adupta- 
tioti keeps easy pace with the 'TicrCasing demands of 
the enlarging organism as no min-living ou(:siclf 
Jtkektnn cnnld do. Huriiig the Mcsoimic "Goldcr 
Age of Reptiles,'* while arthropods and mollusks 
were still imprisoiifd with riiimsy unyielding armor, 
.Mother Malurr was rcwling in the possibiliiicit fur- 
nisbnd by a living internal skeleton amung her 
emancipated vertebrates. CJigantic dinosaurs, plesio¬ 
saurs, igiianodons, imil thcrciinoTphs, togetbiT with all tlicir nujnstrovis ard 
liizarre kith and kin that have long since vanished, literally lifted Ions 
of firsh into the air upon majotk buny scaffoldings, which today arc a 
source isl nevcr<taiimg wtuider to the visitor of museums where they are 
c-xhibited. Nir arthropod or molbsk of such astonishing dinitiisions as these 
exihici reptiles dwplayed is conceivable. There slili remain colossal elephants 
on land and etiurmoua witales tn ihe oceans as lii-ing examples of how far 
it is ptiEsihlc to go in die matter of laxly ai/c, when an adeejuate intcmal 
port is provided. 

Since aidricimi Sftlid surface must be conveniently ptacect si as to gn-c 
proper foothtifil far thr mtfjcfef, tlic skeleton arises to meet this ncce^Jty, 
Noi all niuaclos require the julI of bones. Those resptjnjtible for peristaltic 
movement in the iiilefitinal w.dl, for pulsating arteries and the Throbbing 
heart, as wdl as various sphiiictcrs, such as those ifrit close the anus or 
pucker the whistling lips, arc not direcUy attadicd tu hard skdct.al parts. 
SUM niusde*. however, through the mediation of tendons do have bony 
.inciioragc Ixith at their origin and at their insertion. 

The skeleton of (hr living bird Funilshcs an rscrllrnt ill nitration of what 
b mraiit hy having .1 iclativcly large iolid cxp.^risi: for muscle attpchmeni. 
fn spite nf the nci.cflSitty in everv' Hying machine for ecojiomi/ing weight, it 
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will be setn *122) ilint in thr bird\^ skeleton iheir h a rrlatively eiiL'jr- 
moi^ breuyEbone. wirh a thin “kcrr* right angles to it, whiiih practically 
doubles the expanse of surface available for Llie allachinmt of flying nnist le^ 
without adding vers' tmjcb lo tJic total weighL The ril>N of the bird are inurh 
flattened also to make the same amount of bone fumkh tlie largest possible 
surface, while the swollen mdK of the ieg 
bones have a considerably larger tekrivc 
expanse available than do cornfSipuiidiiig 
mammalinji bonra. 

In iiuiii coru^picuoiis skeletal surf aces are 
in be found on the Innominate bones of the 
pelvis, the muscles of which have to da with 
muhiUiining an upright posture, as wdl as 
on the broad sbonldcr blades that furnish 
anchoreige for the tnuseles operating the 
frW-ingin g arms. 

In the evoluiionary emergence of verrte- 
braies from water to land and air, lei^s in 
the form of kg? and winp appeared m 
«>rgafis of locomotJonH Such special i^ed levers 
arc unnecessary’ for a lish which moves 
about hy wagging the entire borJy >idcw‘jsr 
in a watery' medium sufljcicittly reicistant t<i 
rnaSce lateral liimkes cffeeiive. The differ- 
ence in density between walcr and air is iio great, howcvxt, that a mecha' 
nism moving aucccssJuilly by senJling in water would prove entirely ineffective 
whcii operated in the thin and eotnparativdy ricin-rT$hitant medium of air. 

One of the fir^t steps in ihc evoluiion of locornoLion upon land, there¬ 
fore, has tsecii die elevation of die clongaletl body from die ground bv 
means of proplike kgs to minimize the amomit of frirrional surfaec and at 
the same time to provide a syiitaTi of skeletal letxrx upon which the iTius^:le? 
id locomotion mav act m propelling the anunal forward. 

Ill binte the body h poised upem the hind leg?! alone, while the fore kgs 
are released from terresrrial focriTnotioni becoming Tramfomicd iiitiri whig? 
for flighi through ah- In Ijoth c:t£es a system of Imny locooiotor levers is 
rmpKaii^ed. 

The hist of the c general iii^s of the skeirtanp that of die mfinufiTcturr 
of mi bhoil c&^f^usdes^ b accomplishrd. in itiaminaLs at least, by means of 
vignmiw inarrow iLvvur wiihifi thr hnlloiv hones. 

Four general kinds of skeletal tissues may be recoi^nked in s rrtebrates. 



of 

namely, notochordal^ connccti^'c, canilagjnous, and bony. 'ITiese dssui^ have 
been brielly described in Chapter VU. 


lu joi>rrs 

Wheiic\'cr two boflo conic in contact with each other dioritig growth 
pmcrs!5C5^ a joint h fomieil It may be a rigid immovable joints synarthrosis, 
as between skiiU bones, characterized by edge-to-edge sutures that ituerlock 
the bones hraily vviUi one another (Fig. 423), or the different emhry^onjc 



Fij;. * 123 . Siidirci- Ap lurtiijj! vlewi ft, cmis irretkm uf iuterlockuig 
suliirt^ satiire. 


bones may even lu^. solidly together, thus obtiteraiing the sutural joints 
CTitiiely and rcsultiiiji^ in a iJrtTease hi the total census ol bones composing 
tJir aduft slsrlcLon. An extepiiDn to these ini^ui^king lutures of the skull b 
the ovrrlnpfjing type fjetweeu the s«|uamoicijd bone and Its neighbors. 
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Fig. 424 . A Frerljr irim'ablc 
H, cnmplftrd i!Afie|- j^cy.) 
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A lypical joiDt, howeiw, hone which allows freedom nf motion between 
the bony pannenu and by mtum of skeletal levers makes locomotion pcs^ 
sible, Thttc freely mtivablr joints (djtfrfArfj.tej) iiiidude ktitgc joIntSj as at 
the elbow and the knee, and bali-and-^sockef jmnts which occur at the shoul¬ 
der and the hip. 
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A diagrazD of such a JnovnbU jt>kit {Fig. 424 ^ sfliows Lliat the two neigh¬ 
boring bones do not come mlo direct cantact witli eaciii other, but instead 
rheir fnctioiial surfiicos are faced with yielding cartilage. Between these car- 
tibgt mrfaces Lhere is inserted a dosed sac, or filled with a lubricatjng 

sptifviid fimd condnuuusly secreted by tbe ceJb tinhig Uic sac. Ouisidr of 
these skdeud elements a fibrous air-iigJit sheatii holds the bones together by 
atmospJieric prea&ure without muscular cflorl. In mniintam dlnLbing a 
fimiliar experience is a sense of heavines at the joints,, rani!ting fnim the 
change in atmospheric procure. 

Outside of the joint there h an equipmetiL uf muscles c out rolled by 
directive nerves. Thu^ the ope radon of niuvable joints involves the combined 
action of lione. cartilage, connective tissue, museJe, and nerve. 


Ill. DIVISIONS OF IHE SKELETON 

The hard skeletal parts arc usually grouped into ihc axiul mid the appen- 
dictihr divisions of the skdetun. The axial skelrion itidudes die skuU^ verte¬ 
bral column, ribs, and sternum, while the apfiendicular is compt)sed of the 
pectoral and pdric girdles as well as the skeleton of the appendagns- 
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Fig. 425. rJbj^rain of the cauncctivc liwuf lyilCtn of the trunk of ti 
vcrtchr^te, nhowing letatkin of 4sUl ikekum to irajuvetse iiad lojigL- 
tiuUiul Kpti*. Ohliiiiof view wf Wt tide. I After Goodrich.) 


As described in Chapter VU, the fiartilaghious and bony plcments are 
bid down iitst as connective tissue. During embryonic deveiopment, connec¬ 
tive liKue dgrivatK^es of the incsenchyme become widely distributed 
ihToughoui the Itotly^ contributing to tlie btxly wall, the various urgarts, and 
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the Ibings of body ca\ides, as wtll as filling iti ivroimd the myotomies and 
grouping about the notochortl and embryonk neural lube (Fig. 425). A 
mcdiiin dofsai sepiutn^ separating the dursal purt;^ of list Tnyotomea of ihc 
tr^i"o sides Ilf ihr bodyf extends from tin.' region of (he neural tube to ilie niid- 
doTSid Ibie^ while the ventj~al nnds of the myotomes are separated by 
rantral septum. Between sucos^ivc myotomta art Lnurntrse myoeommuiti 
whieh are coniii&tioiis with the meflLan siepta and nfeo with a hQfizvHtfd 
septum Hhich splits eaeh rayoiomc into a dorsal and a ventral pan. 


IV. THF MAI?f SKELETAL AXIS 


\ eriebratcs arc bilal'cnilly ajimmetneal iUiimahi with^th t long d i mpus win 
of the bndy stiffeDCtl by a skeietat eixUp usually in the form of a backbone 
lying between iwo mbtjs that also run Itngthwbe (he bodv. 

The di^eitive tube fiti below the axis* It js ordiimrily much longer than 

the body ii^lf^ and cutistqucnlly b 
more or less crjilttE The nnirnt iufte 
extend? just above the axis and is tela- 
ti^'cly 5hon and sdraighl like the back¬ 
bone w hich cmE:a.sc!! it I'hns, the skele¬ 
tal axi? is in intimate and fundamental 
irbuoiis with both the maiti uerv*uits 
njid the digestive sj'stems, having 
evtihird pritnarily to meet the nicchsm- 
ical necessitiej azisJng from a loco¬ 
motor bilateral t)'pc of symmetry. 
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I , TitP Parts nf a Vertebra 

Tlte skeletal axbt is for the mret 
part eompe^sed nf separate bony ele¬ 
ment, or vrrteffraey oF whkh there 
arc 32 or 33 in maUg wo fajihioned as to 
l«id the ejiii« hacltbone a cmain ifcgr« flexibilitv wjihout Biamficinu 
tlic MlffcmiiB quaJjty lur which the “backhone** stands. 


Fig, -126. A igmeralixcd ^xrtcbriai- 


Mom vatebme consist of a main bmJy, cr renfrum. bearing one or two 
arches and one or more pait^ of proctsHs (Fig, 426). The centrum Gret 
appears as a ring of which develops amunJ Uir tmtodiord and then 
hib in to bccume a disc or cylindrical nuns. tWd with the dor?at itide of 
the centrum i& a nfutal auh enrlosing a urwra/ canat ihrough which ihr 
delirate spina! mrd safely threads its wav. fT^aily a «r«r^f essleiids 
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fwm ibc mid-doiysi] part of the arch into the doKuil septum, fn Uit caudal 
rc^n of many vertefarates there is, in addilkm, a similar set of structures 
cm the veniraJ side of each vertebra. They are called harmal arch, haental 
canal, and hacniaf sfRnc because through the canal nm the caudal artery 
and win {haetna, hloud). 

rrDjccting in varinus directions fram the centrum and the base of the 
neural arch are several outgrowths, or processes, which ofler cx^nvetiiem sur* 
laces either for thr attachuient nf miisctes, or for frictinnal contact of otie 
vertcljra upon another lu a stidiiig joint. On the arch arc ^ygapophyses {zyu, 
volte, joined; apophysis, proct'ssj so called because they bear the surfaces 
for ,mii Illation between vertebrae. There are ustialb two pairs of these proc¬ 
esses, anteriorly projecting prezy^ipopkyses ;md pt^teriorly projeitiiig post- 
:ygapophyies. The articular surfaces are on tJie dot%af sides of the antcriui 
pnH'csses atid on the ventral sides of the posterior one* iHg, 427 ). The 
Hrnuuicmcnt of the articular surfaces is ‘‘onward and upward,’^ tJiat is, the 
‘’onward’’ or anterior process lias hs arttcular sntface on the “upw'ard” or 
doTsa] side. Thus it ifi pusible to determine the anicrior face of an isolateu 
vTCftchra. 



PostzyODpophyris . 
Sp^nat Nerve roromen 
Centrum'-, 
fnfsrvertabrcif Disc 
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Fiy. 427- Tlie imth^ clcv^tJi^ and twelfth thoracic vertchrar mhovfH 
from ibc rt^hi side. 


Extending lalcralJy trom the sides of the vertebra *unc iramt^rs^ pror^ssei 
which art primarily iL^igtMrmted with the ribs- Originally t>tt the IhjI 

occa>imiiiiliy shifting iiver nnLn the c«nlnjm* a pair fif latcnally pfij|ci:djjif 
diaffophyfci which articidatc with the doiTKil hf:ads of Y'shaprdT dorsal ribs. 
On the crutnim h iiruilhcr puiir ihrsc Erai!Ji.vcrsc procijssc:®^ llif parfipo- 
frhys^s, which anirulalr with ihi! vieiiS-ral hc^cb of ilmt V-shaped riliSw f rr~ 
qnmtJy finer nr the other of tbcisc pain of trans^ierrse process^ h w^rakly 
developed of absent. 

aMnvcnnml of ^Lrktal parts dqiriitJs upon thr pfcsriicc itf jointa witli 
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their equipment of mitsclcsj blond vessels, nnd nerves. In tJu^ rtgifuts nf thr 
backlxinc, Liiorforc, where TTinvemcnt is mfist needed, as for insiance in the 
neck, the various articuhir processes rjJ the \ t'rtcbrae are found to be most 
elaborated. Where rigidity and a mlnimutti^ or the entiir absence* of movc- 
mcni between the vertebrae b desirable, as lor example jn the saxrat region, 
ah processes are much reduced. 

Tlit parts which i^onstitmr a typical vertebra undergo the widest v^ta- 
lion, not only in the different species of vertebrates but even in the difTcrciU 
vmebrae making up the backbone ol any jtidividuab 

%^crtebnic ftirm the chief mark that brancls iui .lulmat as a vertebratc, 
and the phybgeny of these Jjtnicturcs has never been succefsitfijlly tmeed 
back to any invcrlebrate source. Surh a new etnictund mventiwi that lias 
nnl been kcl up Id by a series of gradual modiheaxions in ancs^tral forms 
the biolo(d?'t haib as a nc&morpL 

\\ iihin the vertchrate the *teps by which the vcrtehiac have taken 
form have hten traced ha considerable detirih both by the cmbry^ologisl and 
by the palaeontologist. 

2. The Notochord and Its Sheaths 

The emhry^onJe lormaiEim of the vertebrae h preceded in every' back- 
Jkmed animal by a temporary skeletal axis called tJie n 0 inr:hffrd. The posi¬ 
tion of thk temporary axig, which Lies lengthwise between the neural mrd 
add the digesLi\-c tube, is the same as that of the centra of the \ertebrae 
which replace it later. 

Differing from other skeletal tissue such as fxrnt and canilagt in which 
inicrtcUtiW matertid may be excessiv'dy developed, the cells nt die noto¬ 
chord are at Finit large, thin-walleci^ and eltady parked together. They are 
enclosed in a thin lough sheath of conncctwe tissue, tin- finHica externa^ 
mesenehyma! in origin. Norochorda! cetk art devoid of botli ticnrC supply 
and blmJ vc^eb. Tlicy are, thcrvlore^ nntLrished vitariously by dilTusion 
from outride cclb- 

As ihe notochord grows (Jder the ceJb within the sheath change. The 
niarginaJ rmrs next the primary sheath jiseU fonn a tlefinitr layer of 
trai nofotkardrit i Fig. 98)* while thcet in the ccnlml part lend to 
become vaciiolaied. basing Their oiidhics and fusing togetiier. Tlic peripheral 
f rlls are then transformed into a thick, fibrutrs irf^mdary Inside of the 

primary one* with the result that the notochord as a whole at this stage 
might he described as a somewhat rigid cylinder tapering at dllier end, 
made up of thr remains of doecly packed turgid tbsuc surroauded by a 
dense double riiralii. 
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In amphioxtii^, cyclostonies* dlpnoauB, and certaJti other fishes* rhr verte¬ 
bral column rvolveai no further dmn the rtotochordiil ^Vdgz, except for the 
prCTcacc in some Instances of verrebml arch elements laced by cotineetlve 
msue to the notochord. In other vertd>ra.tes, after the noiocbnrdal stage b 
pa^d. an axial dtekton nf another and moie fom plica ted is established 

upon its rriins. The nutoehord, therefore, is the oldest part of the vertebrate 
skeleton^ anledathig cartilage and bone not only during the devdnpment 
of dir individual but also in the lung phylogeny of vertebrate tvyro* 

3. The Finutaiion of Vertebral Archra 

Although mpperif hi the fontT of a stifT rod through the long dimension 
of the hilaiecally symmetrical animab h the earliest fiuiciion diat any skrle^ 
tal tiauc performs in a vertebrate, the suppIemoiLiry' ftiiiction of pToU£t{anf 
particularly of the precious ntnx cord lying just abo^x the notochord, 
he gins to l>ccome manifest vxry early. 



Fig, ^2SL Diagram of a jiiree oF the 
iinfnchufd uf a liiiuprey cch with 
cartnuginnil.i arcim fpahcci rods} 
saddled upon in. Tliesc are the begia- 
nmp df nirunil attdteK, Pdiinau of 
aerve cord indicated hy the .titow* 


Fig. m Ball-and* 

fdrket vertthra^ of an 
fldult filiDv- 

mg the suture bawcrii 
the eentnuii arid the 
nimral ffrdi itiLl per- 
tlRtiag. 


Along the notochord and an ehher side of the nerve cord of the primi¬ 
tive lamprey erb Pe^romyzi^n. pairs of small cartilagr. jstnjts appear, db- 
tiuctly forcdiadowing thr riiture neural arches of the higher ^TTtcbraic typo 
fFig. 42Bj. At fod these pair? of stmilike plates do not meet and fus^f 
togedicr to form complete arctics, hut m later evoluiionarj staijcs ihis dues 
liappen» u.<;iially througli the mscrtlnn of a key’stone tif taitibgc ar Ixme ilmi 
liceomiis the dorsal neural spitw {Fig. 42t>), 

TIic firigin?! kidependenee of the timral arch from die Ltntrnm is 
demnnstrated nat cmly by thr fact that ihe^r tivo pan^ develop sepafately 
hilt also for the rcasr^n that hi young manimab, wrll as in adiik aliiga- 
tors and turtles, distinct sutures may be ^cn betvreeu art It and cmtrunv 
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(Tig, i2S}» *rhe same gcncrail story- is told upidc do^vn by thti 
arches (Fig, 42d). 

4^ “ITir l^iibryoEtlc tkvtrtiipnicia of V'ertehrac 

During the conri deration of v^ertebrate de^ elopmenl it was noted that 
RCgmciually arranged achtriHantes aie formed from mesench™e givert oil 
fjy the medial aides cJ the cpitiieres. These scleroianiea arc amuiged as two 
mvirh of blocks, one rovv running along earh side ol tlit noiotihord (Fijj, 
430J* EiMih sclcfcnottic diffcrcjuiaics into a more compact posterior half and 



Extent of 
□ Segment 

Ectcvderni- 


ScleroKome<n 




A 


FTp. 430 . Dia^aimnade fronti! fccdana at tcvcT oi iiatochmrtlk showing 
dilTctcnEiaiinn oi s^drrriantnct of (efi ^iclc on^y. scSeroloaic difFcr- 

Adates into a ]r^ antmrjr -pATX and a mnre n&nipiAcr po^inii^T 

pitr^ ihaH'n in a. After the tWEi hjivos Kaye thr fKi^tcrior 

half of eadi ^idcrutuiut: iuiti »iib the itnitritFr boif of tlie sdcmtoaie 
next behind it to form a priinordiEim ol i sTrtrhra^ jas in b- Eiidi vertebm 
dcYclopi from a pair [right ftad idi) of such pHinordia. (After Axey, ) 

a less compact anterior half. UltJniEatcty the two parts separate and the 
pu&imor half of one Mlerotome iuiiw w'iUi the anterior half of the aext 
•nilerototnc to ti?rm a vertebra. In this manner each vertebra comes to 
occupy an intersegmcntal position witii the myocomma attached to the 
middle of the centrum. As the myotnmes retain tlieir original sej^ental 
posidom, each becomes afsociated with two ^'ertchnse. This rrlatiomhip is a 
necosaity if the myotomes arc to bend ihe vcnehrul cotunuL 

Twt? cciitm of diopilriQiciUKiit (cartilage fonnatjfm) appear in each 
balf-scleTiHomc^ One of these b juiit atifwc the noiorhottlj the other just 
below. The cartilages and nssociated Tneacnrhvmic cdJ& of the more compact 
posterior lialf-sclemtottic arc fcnow^n a? busdli, a dorsal and m 

ventral bmU-eMfoi ( Fig, 43l)i.Tlic conrsptindjng regions of the antcrinr 
half-sc'crotoTiic,^ or the ijii^rbfuah. are an iFtterdorml and an imerifUAtrid. 
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Thus there are four legioiw, known as arcuaUa, in each sckrotome (four 
paiis in each segment)» 

The four pain of arcuafia may spread and fuse in various ways within 
different types of vrrlcbralcs. Some of them may ei.Tai vanish entirely in 
the course of the subsequent formatioo of 
the vcnehrac. In most vertebrates the baa* 
dorsals grow upward to form tlte neural 
arch W'liile the basiventraJa grow downward 
to form the haemal arch. The development 
of the centrum region varies greatly in dif¬ 
ferent vertcbrite groups. 

Tn cartilaginous fishes the ccntnitn is 
lurtned largely by cclb from the two pairs 
of h;isa] arcualia (basidorsals and baslvcn- 
trak) which break through the elasdca cs- 
icma^ \Vitliin tlic fibrous secondary sheath 
they form a ring of tissue which soon begins 
to cbondrify. ^fhe catiilaginaui ting, the 
beginning of the definitive centrum, continues to grow by tiic addition of 
new materia] onto its antriior and posterior surfaces and by tilling in toward 
the center. This centripetal growth slowly eomtrieu and squcdcs out the 
enclosed notochord. Ultimately, m the adult, the drcular hand of cartilage 





Fig. 4S2. The vertrhtiU column ol flitics. A, tagitui Kction through 
vJtcbml mliunn rtf a sbaA; s. caudal ^Trtcbra of a Ixmy fudi, ihowing 
nerve caul uuU Wood vcsscli wllidi run ttirou^h it. “iter 


is thickcit in the mid-part of the vertebra Fo that the notmhord is nearly 
eliminated at that p>uit but only slightly constrirted at the imcrvcitebral 
level (Fig. 432 a). The cartilaginous centrum as a wliulc, therefore, ha* i 
concavity on each end occupied by not^jchonlal tissue. Such a biconcave 
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Fi|c* 43 )p The baiitionuiU (nn) 
aild tllC huMvmrral^ fnv)* AfC tC- 
sponsihlt: for the nnlmfif hnlf fjf 
iJjf: vcnchtAp the Intcrrdoniih 
(tu} smd thr mirn-rfliraU {fV; 
A£i!oiJi]t ffir iht jHwttrior hjilf. 


























5 *® Cff the Yertebrates 

rentnim is said to be ^ntf^kkoetotis both; coel, tavhy>. These 

i’cntra, wLirh dwclop within the tiastie of the notodiord, ^ known as 
chords cenitij in contrast with the p^richordal centra of bony fishs atid 
leLTiipods which dev^:lcip fTom mescpithyme retnaming imijidc the cKstka 
ejttema, Kitii in the ea-itilagintMis fishes sottie pcnchordiLl cartilage IS 
eventually added to the origirSidL chordal ccrttnim. 



Keuittl 

(Bdiidorvolf y 


fifth Giuddl 
Vflrtebrt 


fieufocentmm 
Hypocenf F-um 


Hewmal Arch 
(Basivfintral) 


43^. CjiiuLil veiieLrac trafoa^ left dde view. [After 

CtxxJriiJj.'] 


In (hr bony fohea the pciichordal trntra arc luually laid dct^Ti diiKlJy 
as bone widiont any inienncdiatc c;artLlfl|{itiau>i ataj|;c bs ia tctrapniiv Per- 
ha|js thr most iuieresting ffahiTc of thir ^-crTehtal tolumn of dirge animals. 
hoMcvicr. ia the oecimrncc of i^o centm per se^pnent in most of iJic liiil 
region of /Imia and a tramber (jf oUier genera (Fig. 43.1), TJic motr 
anterior of tlic central dU^i, or the A;/njrni/ftim, h formed in parr at least 
from an enlargrd l)aai\imlrd while the more posterior plrurffc^ftitrum owca 
its devclopfnent to thr uiicrdorsiil. 

Apparcnily the mmt primitive of die amphibians, Rnmr of the stcgo- 
cephnliutu, had both hypmenimj ant! ptciiroeentral elements throughout 
the entire length of the vertebral eoluimj. From ibr pbn ftmnd in these 
animals there seem to haw Itcen two evolutionary lines, one in which the 
hyjioreiitnnn a empimsi/ed, (he other the plciimeeijtmm. In modem 
amphibians the centrum is largely a hypaecntnitti, while in ammotci ii is 
mainly a plcurttcrntrum (Hg. 4H4J, 

The mammalian vertebra therefore, dei-dops from three of (hr four 
pain of arcuaJia. Neural and haemal arches arise from baiidoisals and hasi. 
vmtnife, respeedvdy, of one pah of sderoiomes. while the eciimim Ls 
largely a derivative of the interdorsab of the next pair, the tntersTntmls 
of which disappear (Fig. 43tl. Between the bony cenlm are mtrrrerf^hrtff 
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Fi^. 4S4. Dia^am HIuJitT^itmj? ayppcwed divcrgenr^ in des-clapmciU of 
\‘«rtehf:i| etctn^jia leading fp™ a primitive afi^ir-iitTiil teirsprn^ n 

1ypi[::al ATnphibiiLn [u} and a typical amnllJtc (e). A eaiidjil vertrbra h 
added in u arid e. (After GoDdrkh.) 


discs of 5brDii5 cartiLigie formrd from b^ivc-ntmls vt-hlds not oihewke 
iiiilirrrd throughout mijtit of the trunk region. In the core of cadi of thcMt 
discs, evTti in aduIUt, may br found u persisting nptochordal rtmiiant called 
the nudeus piilposus (Fig, 435)^ 
ff thk ''nucleus” could indulge 
in irminisceiice what it Mary of 
evolution it could tell I 

The vertebrae nf mammaLs 
differ from those of sill other vrr* 
tebrates in hating epiphyses 
Jdrh develop as separate inter- 
vertebra! body discs one al each Tiit^ 43&, A lung srctjmi tbmugh thr ceptm 

end ot ea.:ii centrum. Some time "f .md Ati iH««rrtcbriil di« in 

_ ^ * i t ,1 r ’1 the crtitcr of ■wlilta Uie Ltit mmiiria at thr. 

iificr hinli they usually fjisc with ^ tbe 

the main central mass. (After Ce^-nbam,) 

5* I'yjict of Articulation between C^tra 

All vertebrae artiailate end to end. But the emk of ipTrtrbnie vary in 
shape. Flmcc the i>‘pc tif joint between wjtcbral centra differs in the various 
and, in 5 ome casea^ cvm in difremit regions of the same animal. The 
five cotrunoncst typo of articubiion are: fl) amphicodous; (2) pco 
coelrjusi (3) upisthocodous; < 4 i hcterocoelous; and fS) amphiplatyiut. 
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The amphicoclous type b found in most fishesp iu primkivr amphibi^is 
1 5tegi[ji:ephjijLim} and primitive reptiles (cotylosaur^ j well us some living 
amphibians (e.g.p jpj'nreiiij and S^cinrus) and repdlc^ [Spkenodon, some 
Itcanis and, to a certain extent, lurtles), j\s mirntiottcd previously* the 
ecnmim of such a vencbni Ls concave at both ends (Fig. 432/* Ow ing to 
the fact that the actual contact is limitcct to the edges of Lfic two nips, 
placed rim to riiHj little ffeedom of movement b possible between the vertc- 
brae held in place by considerable connective tissue, hence the limitation 
of this type mairdy to water-dwellers. 

In a prococlous vcrtclrrti the cavity on the anterior end [pfo, before) b 
rciuiited but the posterior end fills in and becomes convex (Fig, 429 /* There 
iu> therefore^ a simple type of ball-and-socket joint which allows comsider- 
able otovciticnt because of the irduccd amount of conneclive tissue needed 
to lace together the vertebrae, Frocodous wrtebrae occur hi some anuraTO^ 
chiefly frogs and toads^ in the extitict pterosaurs^ and in modern rcpdlen* 
iucluding LaccrUlia^ Ophidia^ and Crunjdiiia, Tiir Aamewhat rare coudi- 
tion uf a biconvex wnebra h found lu rhe case of the sacral region of Bufo 
and Riina and the first tail-vertebra ui C]rcicodHia. 

Tile opbthoc.ijeloux condklon, the reverse of die prococlmis, has the 
conravity on the ptjiiteriDr end [o phi has, behind). Tlicse vertebrae are not 
charmcnrnstic of any major group but anc found in widely separated species 
or OfderB among all vertchTate Classes except cyclostomcs, Txajnplc^ ^fr: 

Leffidifstnis, the exception to tile amphicoclous ron- 
ilitJon typical of ftj^hes: some atiuraUH- dinosaurs 
( tcrviral vertebrae only i penguins, parrots, sind a 
frW‘ nthcr carinate bkcliSi and ungulate mammab 
feemeaJ only/, 

{icLerocuclouA vertebrae ate thr usual type in 
birdv especially In tlic cervical region [Fig* 436). 
I hese are also blown as sadtHe-joInl vertebrae lx-- 
cause of the somewhat remote resemblance of the 
articiilatian to the situation of a rider in a saddle. 
I'he anterior end ol the ccntnini is rounded oil 
ilLJrto-vrntrally sm diat it appears ccu^vei in a sec¬ 
tion through it in the sagittal plane, bhort processes 
extend anteriorly from the lateral p^^rhs of die 
I riitmm to give it a cemravT appearance in frontal Ncctioas, At thr posterior 
end this condition b revrrBpd. The devalions, on the dorsal and ventral 
parts of ihc centrum in this fit ov-cr the rounded part of the anterior 

end of die newt centrum, while the rounded region of the postmor end fits 


} 

Kig. 436, \*euir3i| view 
4i( arir cm-icaJ v^ifteb™ 
Ilf Ji .wtm^ and a part of 
annihet, abf^wru^ a sad¬ 
dle joint, the tnCTVrmcnt 
whiek If nijf nn\y In 
i!ir dtrectiou oi the ar- 
fowl bnt alhi ai ri^kf 
anglff ii> ihrm. Anterior 
ii towTEtd the IcfL 
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between the elevations on the sides of the anlcfior ctid- Great Ereedom of 
tnovement between these vertebrae is permitted* 

Amphiplatyan vertebrae JFij?. 427), flat on both ends {amphit iwilij 
platy, flat i, art typical of mammals* 


(i. History ol the Vertebral Column 

Tlie total number of vertebrae in (he backbone of an Bnimal dExa not 
ordinarily btrrcai^ with age anti growth. On the contrary, as the result of 
fusion, the number frequently decreases in adult life. I rass reports that the 
tiiil icrtebrae of one specits of fossil ichthyosaurs varied from I2fi to IflO 
accrrrditlg to the size and pmbable age of the specimen eximiiLried. 1 here are 
usually iiiorc vertebrae m the lower fishes than ill higher forms, and in 
general deep-sea fishes have A larger number than those inhnbiting shallow 
waters. David Starr Jordan rite the curious fact iJiat certain kinds of fishes 
living in the southern part of their range hiivt more vertebrae than reptr- 
sentativxs of the same species iii more northern watery. 

Of all vertebrates pythons probably hold (he record for the largest 
number of x'ertebrae, one having been reptirted witli as many as 435, 

While the vertebrae composing the backbone arc easily referabk tn one 
struaura! plan, no two are exactly alike. The variations that have arisen arc 
closclv correlated wjiU the diverse kinds of work whkh cadi vertebra, or 
group of vertebrae, has In do. Since it is de¬ 
sirable, for example, to have the head move in 
any direction without turning the entire btjdy, 
tile vertebrae of the neck which carry the head 
have developed joints that permit freer moVT- 
mrjit than is found elscw’here along the skeletal 
axis. The sacral \ ertebrae, cm the contrarv', whose 
function, particularly in bipedal animals, is to 
hear the weight of the body upon the legs, have 
entirely hist their mov’ablc joints and become 
fused together into a solid eStnent unit of support 

: 437). 

The point of attachment for the legs* as 
well as the region where the ribs 3rc presmt, 

serve as Lindnuirks. dividing the vertebral column of man aiid the higbcT 
animals into fivt natural groups of vtaichrae, namely, cervical, thoracic, 
lumbar, sacral, and caudal, 

nic forenumcr of the vcnebral column h the notochord. The oiily part 
(J the axial JikeU-ton present in lowest eliordates, it persisis as a w ell dcvTloped 



Fig. A di^gmrrt thaw- 

tpg ike piLM ihn fuKd ucml 
vcrtehnac pJay Sit a. Ite^-ntonr 
nf iW Afcli lliiit diipjxxrii tlir 

wrJpiu cf Uic bwdy. 
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imconfftTictetJ ctruchtrt id cyclostomes, djpdoanE, cnittLa^inous ganoids, and 
a few other fishes In which no central rirtgs licvdnp about it. 

Among the cydoetatnfA only the lamprey eeii have vertebral elements. 
Throughout most of the trunk region each segment has two pairs of carti¬ 
laginous rods attarhetl to the notochordal sheath and extending dorsally 
fllongtiide the nerw cord ( Fig. 42fij. These demejns are prtihably the homo- 
iogvics of basi dorsals and interdonials. As the rods do not meet dorsal to the 
iier^'C cord, the neural canal is roofed uvct by c[mtiecti\'e dssue. In the 
posterior trunk rrgkm these struetmts Iwcome reduced and irregular. The 
absence of these parts in hagfishes is believed to be due to degcocralioo- 
Among fishes the vertebrae posterior to tlie anal region develop haemal 
arrhrs on the v'entnil side of the centra (Fig. 432 e;. The spinal column, 
therefore, may be divided imo trunA [Jer/eftrae, essentially alike, which are 
anterior to the anus, and postaital eavdid iifTtebratt posesaing the haemal 
arch and diminishing progressively in siw toward liic poecerior end, 
i\ sUghliy modified condiiion exists In the amphibians, with a smaller 
total niimlier of vertebrae involved. A single cervical vertebra, providing for 
ihe lieginriinga of jiulcpcmlcnr hc;»d inovciuenis. Is inserted next to ilieskuil. 
while between the trunk and caudal vertebrae there is dlRcrenitalefl a stngle 

sacral vertebra (lacking in the Itmb- 
1«® apodans) to which the hind legs 
arc attached. The anchorage of the 
hind legs to this salitary Inadequate 
sacral vertebra is one of the reasons 
why the amphibians are tuiable to 
“stand up^' iind bear their weight upon 
tlicir hind legs, Amphibiaru are the 
first vertebrates with well developed 
jtygapophjTies, 

In adult frogs the caudal vertebrae 
arc fused together into a long urofljif 
(Fig. 438), which acta as a emmter- 
po^ for the teetering body that is 
swung in llie crotch formed by ilir pel¬ 
vic girdle, .Any jumping animal like a 
frog needs n fihock-ahflorbing device much more than a creeping or walking 
tuilmaJ docs, in ortlcr to lessen dir jar that is communicaiL-d io the brain 
when it lands. This is nicely provided for in the fmg by the way in which the 
unsteady body is swung in the remarkable, iliac crotch ol the pelvic girdle, 
and at the some time is prcv'cnled freun jacJc-knlfiiig together by the rounter- 



Fif, 43a. Pelvic (tinlle of 4 frog; fjerw, 
A, lateral view of rit^ht luail; a, dursal 
view to wliich arc added vcrtriiral ek- 

nivritf. 
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povnng un»t\'lc snd the musclfs that hold it in place. The Frog may not 
{iaAiX‘ much of n brain hut that k all die mon: ofcaijion for taking care of 
what there is of U and not shaking it up unnecessaiily. 

Among reptSes ttic dificrentliition of the vertebrae includes iteveral nd* 
vanccs. With the exception of snakes and footles lizards, living irptilcv aa* 
characterized by having fit'o sacrid ve rtf brae for the atiacbinent of the 
pel vie girdle and the support oF the hinrJ legs, wiiilc the truiik vetlehrae 
usually become spedalizrd at diher end iuto cervied and lumbar vcrtchrae 
respec tively, l>ctween which are the ril>bearhig tharacie vcrtcbrnc. The 
lumbar vertebrae, being free from complications of ribs, pmtiii a certain 
amount of twisting in the iumbar region of the vertebral rolumn. Tlih is 
more pronounced in sgilc carnivores than in less active herbivores. Not all 
reptiles, however, are equally diversified with regard to vertebme. In ftiiukes, 
for example, there is litUc differentiation of the coLunut, all vertebrae being 
much alike and bearing paired ribs. In only the cervical and caudal 

neguiiu are flexible. 'Die tnmk, not differcutburd into thorarics and liimhars, 
and sacral re,eions arc immovably Fused with plates along the center of the 
doisal shell, or earitptife tk'tg- 439). 



Fig. 439L Cros* iectiem through the canipArc of a luTtlc. (After Fliisltry,) 

TTie vertebrae of binb undergo great modiflration in connection with 
adaptutJrm to flight. The cervical vTrtcbrae ijiidergo much differemiation, 
readiing tlie Tnaxiitium number for any vnicbratc. A (Icxibk neck in a 
prime necessity for a bird which, lacking hands, must pick up all its food 
either with a prehensile beak or with the talons of its claws. Even an ow) can 
turn t« staring eyes in any direction because its apparrntly very short neck 
lias so many jointe. This cemral hexjbDity is also of importance because the 
(horadc vertebrae are more or Jess Fu-wd mgclher. Tliis roiuJition, with 
accompanying modificatinns of the rib* and stcniura, furnishes a stable 
attachment for the muscles of fUcht wltilc at the same lime keeping the 
weight of these .structures at a minimum. Similariy, firm support fur the kgs 
is provided by fusion of ihc pisterior thoracic, all lumbar, the two siurral, 
and die anterior eaudoi vertebrae into a single ipisucmm to which the 
pelvic girdle is attached. As many aa 23 vertebrae may cotilributc to the 
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sytKuicnim. Beyond this regirtn that art stvtral separate cauda) wrCchrac 
followed usually by a pygestyif foniied by the iu&ioti of the last few Laudab. 

In mammals the I’trvk-aJ tcrtcbrac typically uuuibcr seven, whetlier the 
neck is functionally absent, as in the whales where the cervical vertebrae 
are all fused together, or consplcously present, aa in the bizarre, long-necked 
giraffes. 



Fig. 440. The hiirnnii atlait and axit, ^'cntral %icw. (After Roliotia and 
McMtirnch.) 

Tlicrc are four known oterptioas to this rule of seven: the three^toed 
sloth, liTaJjplts. has nine cervical vertebrae; the ant-bear, Tamandua, 
eight; while the two-toed sitrth, Chdoepus, and die American sea cow, 
Trickechuij each has six. 

i\s In rcpiilcs and birds, the first two cervical vertebrae of mammals arc 
lurther specialized into the scwallcd difiiu and the axis [Fig, 440}, The atlas, 
according to Vcsaltus, takes its name from human analomyt since in man i( 
“bears the weight of the world” upon its ihouldcrs In the loim of the head. 
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after die fashion of its classjcil prototype. Two artiailar ««rfnci3 at the base 
«f the skull in mammaK tJie o,:dpUal aindytes, are in frirtiunal contact with 
two tarrrjipontfing nirfacei on the atlas, thus forming a joint that allows for 
the nodding movements of the head, ITic alias is virtually without the 
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pr<ijecdng neural spine of a topical \T:rtebraj and, mdike tJie first vertebra 
iJ fishes and amphibians, has no centrum. The embryonic centrum of the 
atbfl {intrrdorsal e>f the second trunk sclrroiomc) Fuses onto the jwiieriar 
rnd of the centrum of the axis, or sectirid ctr\kal ^errebra, to furm a large 
projectii:uij the odonti^id prucess, whidi extends forward toward the aiuU 



-Hi A pro' 
file shn'ivintf the 

ainrA 

and rests on the Htwir of the atlas ring (Fig. i4l}, .^s a result the axis b 
teiinj' oiitlitljcd with two centra. The alias would be open wntrally wrn: it 
itDl for the fact that baaivcnttal material which ordinarily forms only inter¬ 
vertebral discs in tJie trotik region* is added to the other parts of the ^’crtebia 
to form a contplcte bony rint;. 

The articulation between the skull and tbe atlas is the "yes'' joint per¬ 
mitting human beings to nod approvalji while the atlas-astt artleulation is 
the "no” joint by means of which dkapproval is indkated by shaking the 
Itead sidewise. The graceful up and down movements of the 
bead of a playful dolphin inv-olve the whole plunging Ijodv 
SIS well, for these stiff*necked tireaturcs are unable to say yes 
in the nrthodox rm-ical fashkm. Mtrdified cenical vertebrae 
occur a1</i in the hurrow'lng inol^* which have the sectntdi 
tljird* and fourth ccrvicals fused solidly together, to tlsc . ^ ^ ^ ^ 

decided advantage of these subterranean tumiding engi- 

The neural spines of the cervical vcrtcbnic in man are frequently more 
or less forked, a mndificatjon miur apparent in miHlcm dviliaed rates than 
among either prhnilivT races or man's apelike cousins. The ncvcuth cervical 
vertebra has the lunged neural spine, notably so in femajes. It is unforked 
and projects backward, forming a protuberance under the iJdn at the base of 
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the ncclt when the he&d is bowled forward- For this reason it is C 4 illed the 
lEriebm promin^ (Fi^. 442 ). 

Id Lhe human cmhrj'o there air present seven eervicah twelve thoraiiic, 
five limibor^ five sacral^ and four, or sometimes as niany as df^i caudoJ 
vertebrae. In die aduJl die five sactid vertebrae, together with tlic ctniif\'Oiiic 
saixal ribs, fuse to ftinn a single siu^rum fFig. 443). Usually all the caudd 
\ ertebrae are joined together to make the CQCcyx, oJdiou^h it is not very 
exceptional for one or lw‘o of the most posterior c:audal vertebrae to retain 
their uidtpendertce (Fig. 444)* Rarely the occurrence of tails several inches 
in lengilt, coniiiinhig dcijenerute candal vertehiac, ha%c been authentically 
reported in adult human beings. 

The difFereutiation of v'ertebrac in the vertebrate series vbualiped 
diagrammatically in Figure 445* 

7* The Emire Backbone 

The units of the vertebral column when taken together are more differ¬ 
entiated at r.ither end than in iht middle. In the higher vertebrates particu¬ 
larly notable spccialbyUiun of the cervical vertebrae is connected with head 
tnovcnient, whik the fretiueru pronemneed degeneration of tile caudal verte¬ 
brae is apporeudy an expression ot dij;u_se. 

The backbone taken as a wbule has in general three uses, namely, sup- 
pijrt, protcciion of the n^^^v"e cord, and movement. 



Fig. 416. Skekton of a mtlrmt with iti arrhrd vartehtal column froiiT 
whirh vjrifiiu part? anr ^tnpcttilrcL 

The funciian suppori h what may be called the "backbone** function 
praper. The solid buny axis is arranged lengthwise the body bcataiisr in this 
way the greatest number of parts cm be convcnicfiitly acrernamndated w^ith a 
sufitaining anchorage. In tetrapods particularly the spine is an airh from 
which a viirieiy of thingx are suspended ( Fig. 446 i, whereas in bipedal 
anmiuls tikr man, chat tip up on end and poiifC a heavy bead on top of the 
vertebral column, the fuiiLtion of suppon k more effectually accompMicd 
because of cpitatn aiiiptivc curvature? tti the Iwi^kbmie which moke the 
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caiuuui mctJunically more capahJc of »u$tamirig K^eighi and at the samp 
titttr fiiore flexible, TTir huniaii vertctiraJ i:olumrt has four dorsO'VeoLrii] 
cunatwet, namely ( 1 ) the cereical, ctxncave domlly; ( 2 ) the tkoradct 
Cdiiciive vciitraily: (31 Uic ttiucave domUy and forming a hug 

jiwccpiijg arehi iiud (4) ihr tacral, concave venlmlly 447]. The 
limihiu- cun-atim; dors not occyr in other ma mmnh These tuniXtnrai;, 
which arc due more to modilknlions of the padJiltr fibrx>u» mrtikgea be- 
Iwccti die scfianile vertebrae than to any modift- 
cntiuii in the shfl|ic ol the centra that aje stacked 
one upon the other, arc Ices pronounced in infants 
and ill primitive races than in adult civilized man. 
The hiimiui ccr>iciij curvatiiic luaiaily develop 
when the child begins lo sit up while the lumbar 
appears when dw child starts walking. The de¬ 
layed appearance of ihc lumbar curvatmc, that 
gi%'es the typical hollow hai'k to a w'ell'fnrriied ttiait, 
is p4Jtind»rl> nnticcahle. Babies which bek it arr 
fl'ttdiacked, like their rnnoie t|uadfupeda] aiiccs^ 
tfWB, ami arc coosKpicnily awkward and uttcertain 
lit! their feet, 

A Mirond funclton of the backbone ^ Hi unit 
w the pfoieftiott of the tirrve curd, which is an in- 
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Fik- 447i I>ii3ii[rEtirti 
fhc diffrrmcc 
iti iil the 

liOlckhoiM: tkrEMXx'tl mi 
ml Am Mtid 411 iLiiuh. 


g«at compkxitv, cxtrtrmclv 
delicate (Utd iLiMc to injury. It is nnt only ejisheathcd in iteov^ envelopes 
or fn<ninge$, hm ii k nbo surmrmded bv proicctii>e jackets of Huirl and is 
fufthermriic encased within a bony conduit formed by the neural anhes of 
the vrjtchnt. Between the neuiid arches arc tpiaul nttpe tofamma. passage¬ 
ways hir these nerves iHg. 427). fAvn the Iwrktenc Hseif Is overLud with 
ligamcnii and buried with iu valuable cnnteius so tbit it ts still further 
proitetcd from omnde injun- by surtounding muscles and fattv tissues, 
hinally the whole internal mcchanumi is cilccrually sealed up within the 
tongh, nairtant, praeticaHy giTm-proof skin. 

The third general functiem of the spinal column b motvmeaf. and while 
tilts Is rdaiivdy nilght between any two vertebrae, when taken all together 
it ammmis to enough in he tmticcably missed by- anymir oiflirted wiih a siifF 
nerk or a lame hack. There arc raid to be over 130 dllTercm artinibr 
surfaces alotig ilte lencth ..f the human backbone, whlrh expUins the fra.son 
why pniftmuinaj comonumbu, and babies whose vcrtchrae arc »iSl in the 
making, am able to dcmnnstratc sn amazingly the poetblc flrxihility of the 
^■crtchml caltimn. 
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Tl)<* ptiatulity of (he biickbfluc b livr^c-ly due to the spiingy compressible 
intcniertebnij discs which inaJsc up approxiuiPlcly one fuiirth of the cjiiirr 
Jenj|[Ui of the vertchrnl column. These discs art biifTtini, like ihc ijuitiptrs 
hciwecij the rant of a railrrmd train dial tAkc up the shock of impact. With¬ 
out them the joltinc' effort of Itx^urtioLion would affeci the central nervous 
sysrem quite like ndJng iti a spnti|;tr!a ox-can instead of in a luxurious aiitir- 
mohilt. A traifk' polkcman who has bettl on his feet all day » a tncasttrahlc 
bit shutter at rtiji;ht lhan m the mnming because of the parkdtij down of 
die compresisible intervertebral diKi ol lus spinal column. In old i^jr thcac 
discs lose miifh of their elasticity and in twcniKl childliontl it is no kitigcr 
feasible to try to imitate a baby that delights in inserting its toes in its mouth. 

Movement of the spine in turtles is confined to the flexible cervical and 
caudal Kgiuns, but in snakes It is uniforntly pujjiiblc along ihe eniire length 
of the bfKlVj although tlic vcrtclfrgc urt so firmly mterlaced and held 
together by ligaments and muscles that these dnuoua animals arc iinnblc to 
make abrupt angular bends, 

'tile caudal part of the barkbone exhibits a great variety of movements 
jieoiHar to difTerent vertebrates and often quite unlike the mov'cmciiui «f 
the rest nf the bac:khone. Such movrmcDls serve a w-jdc range of lists, for 
fjianiple. KuUing iDruinotion in felics, prehrmitin in long-tailed monkeys, 
irmotTiI of annoying insects in cows and horses, and expression ai the emo- 
dons in does. 

Some livtards havi: a peculiar breaking-planr within the centra of many 
of the caudal vertebra that enables them in an etnergmey to anap the tail 
oJT when harassed by a pursuing enemy. The part of the tall thitx sucrifked 
continues for some time to jerk and Ixib about, thus tending to divert ihr 
allentbrt of die pumuer, permilting the petwcuied hob-tailed Ibcatd to escape 
and grow a new tail in safely. 

V. THE THORACIC BASKET 
I. In General 

71ie vtmtrbTrd column, as already pnlnird nut, hits to do w'ith the tubular 
dorsal nervT cord. The other one of the two essential tubes that chai7ic(eri7,r 
the vertebrate body, namely, the diijeative rube, is encircled and protectijd 
at least partially by another pan oif the skrlctoii, the ihurofie basket fFig, 
!i971. This cTinsists primarily of the thnracir vertebrae, the ribs, and the 
breastbone, with the pectoral girdle snmetimes plav-ing a supplementarv role. 

Since the dige^ve tube in nmst tnstnnces b many times hmgrr than the 
body, it is toiled up in a tnnipact rmias that require* a “ba.skrt” for fts 
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<;keleia] protection instead of a straight narrow gheaih sm h as is adequate 
fur the nerse ee^rd. 

The thoracic basket lirst cqitics into ilS own with life on land in the class 
Reptiltn^ where a true breastbone and endretmg ribs are present, Thi't com- 
hhiatlon of bones and carulagesi w^hich Is hung on the anterior pstn of the 

skcJeiaJ axis, not only encloses a considembte 
portion of the digestive organa, Isul aJsu fur- 
nlslies ptotcctioii to odier safi v^era^ notably 
the heart and lungs tliai are in great need of 
skrk'laJ prottotinn. In higher vertebrates stUl 
other organsn originally contained ^vithin the 
diorsicie basket* ha\T lost xlih protertion, cither 
by the cantraetloii or flegmemiicpn cjf ihc strac- 
hire iE^lf, dins c?qji::wmg the parts formerly pro 
tccictb or by sbilting their poshion, Liver^p spleen, 
patiencas, anti the small intjcsrincj much of which 
b expoised^ receive only partia! proEection frora 
the thoracic basket, while the kidneys and gtv 
nadfl Jtave migrated far posteriorly from their em- 
bryornc or aucc&irnl position within the basket. 

Tlic thoracic basket in man is marked olT at 
cither end by more or less traiis\*i:r 5 e areas, 
while the sides arc made up of skeletal clrmmts 
embedded in muscular walk. The tap of the 
basket b a somewhat restricted rcgicm, the mar¬ 
gin of which is dclcmiincd hy the fti^ thoracii; 
senebra, the first pair of riba, and the upper 
cud of the breafrthojie (Fig. 448Thk cfidocfcd 
^pace marks a narrow passage-way through 
which there are crowded ride by aide various 
structures* prrmding for traffic !>i:tvvxcn the 
brad and trunk (Fig* 449]. Tlierc k first the 
trachea, eanneettng the imprisoned kings with 
die miLHidc world j next, the twphagiit, that poises along fcxid and drink, 
placing itsitfely lieynnd imimul recall; the vastus nerues, wandering far from 
their headquarteis in the bratti to supply the distant viscera below ^ ihe large 
rarotid arten^i and ju^uhr crinJ, wliith collen and distribute the hhod of 
the head; and fimdly. a lofip of the thijtafk dmL that brings back uito tlic 
confines nf the venous svMcm racapd white blood cells from thdr percgriua- 
tStiili throughout the fijwijtt of the bcrtly* 



Fig* 418, The barthmie, 
thcracic bajkM, anti girdlo, 
•.\ficr EelL) 
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Tht floor of the basket, which m man is lar^ than the top area, b 
bounded bdiind by the Last thoiacie vertebra together with the short twelfth 
pair of floating ribs attached ihcreto. On the sides and in frmit the margins 
of tlie floor arc delcrmincd by the lips of die tenth and eleventh paire of 
rite and by tiic cartilages of oUicr posterior ribs that attacli the latter to the 
breastbone, as well as hy the tow-er end of the breastbone itself. The floor Is 
also closed crosswise by the vaulted diaphragm which separates the cavities 
containing the lungs and heart above from the abdominal cavity below. 
This partition, or floor, of the thoracic basket tends to slope backward from 
the stemuiD towards the backbone, while the slant of the margin around the 
space marking the smaJIer top of the basket slopes upward from the sternum 
towards the backbone, since the sternal length is shorter than the vertebral 
length. 
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Fig. 449. nf thr aiitmiir (jpening of the thor^di: hiukei b* 

frem aIkiw. , Alter >V^^riy^■raU_) 


fn general, therefore, the ccintour of the whole basket is somewhat 
cone^haped with the smaller, upper end towarife the head. 

The space within the thoracic basket b partially dirided into right and 
left spaces bulging danmllv like bay windows from the ifcneral cavity, nnee 
the upright column formed hy the reiitra of the vertebrae, stacked otic upon 
the other, stands out into the catity, thus serving 10 a certain degree as a 
longitudinal partition. Within tlifse lateral enlargements are packed the 
lungs. The heart lies midway bctwcm the iurtgs iiwtnad of far over on the 
left side as melodramatic actors are wont to indicate. 

When compared in cro« section the shape of the thorax nf the human 
eitihrvo b seen to be dccidrtlly tilffcrent from that of the adult fflg. +S0). 
In the embryo the dorso-ventral diameter exceeds ihiir from side to side, 
(n the human adult, on the contrary, where the visceral weight exerts a pull 
parallel to the backbeme instead nf at right angle? lo it. the greater diameter 
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of the basiet h no longer dorso-veniral. but from one side to iJie other. The 
general shape of Lhc diorax can be modified by gymn-i^tjc and militan^ exer¬ 
cises, by tight lacing, and by paili- 
ological condition.^ such as are in¬ 
duced ^ for exajijplc, by rickets or 
tuberruiosis. 

QuatJnipeds in general ram¬ 
ble the human emhrya with re¬ 
spect to the relative dtmetisiions of 
the thoracic basket^ which nrr 
conrlated with the weight of thr 
hanging viscera that exert a me- 
chanica] pull dawiivvard from the 
backbone towards the stem urn. 
Reptiles whose bellies drag upon 
the gmnndH as wxll as such animals sireniaus and cetaceans whose viscera 
are supported in part by the aurtnunding medium of w ater, have a flattened 
thoracic basket like dtat of adult bipeds, 

2. Ribs 

Ihe rihs^ W'hich tuiv'e been of particular human tntcrest ever since iJie 
days Ilf the Oarden of hdeii^ are the irtCKst conspicuous part of the thoracic 
[yduVri. 'ITicy vary^ hi kngth from merr Lmniovabk dps atuched to the 
CrausversT ptne esses of the I'ertehrac to htioplike bamhi of Ixme cntindy 
encircling the lx>dy* Primitivety and embiyoksgitally there is a pair tit rils 
far every vertebra ftom axis to mil Some fbhes have two palm to a single 
vertebra, llte general trndmry, herwever* hinh ontogencikally and phylci- 
gtnctkiUIy, towards a reduction in tiumber at either end of the jacries. 

It is known that the ril:» of all verieliraies arc not homologous Atruc- 
lureAj since some of iliejn sirtsc in the sheet of connective tissue that scpiirates 
the dnntal fmm the ^eniral nietameric muscles of the body wall, while in 
other instances they develop l^etwcen the peritoneal lining and thes^ niuscJcs. 

A I’l’pical h IImail nh b a siomewnat ilattcned bone so bent and twisted 
that it cannot be made to tie flat withoiit it>cking hack and forth vv'hint 
placed on a table (Fig, 4,51Its slender and somewhat elastic main body lA 
pieced out at the sterniil end in mammals with a Ilexihie cartilage, not 
ihown irv the figurCi Ar ilir dorsal end, which joimH the thnraHr vertehra 
in two phtcei, are two prominenres known as the hmd and tubrrclr i^:c- 
tiwly, separated from each oThfr by the nffk which h sligbUy immiwer 
than irhr bodj, or the main pan the rib_ Both head and tubercle bear 
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artimilar facets by meaiut til t^hich the rib plays upon its \Trtebrai support, 
maintaining its attachment with a nunirniim of muscular equipment, 

AJtmg the inner margin of each rib, for a pari of its length at hast, is 
a shaJliJw groove, the ttilcust within the protection of which a vein, or artery, 
and a nerve lie parallel to each ocher in harmonious safety. 

There are nortnafly twelve pahs of rib# in man (Fig, 452), althoiigh 
much evidence from comparativT anatomy, as well as frmn embryolt^v 
supports the conclusion that the ancestors of modern man had more, ’Ilial 
reduction in the lengtli of ribs is guing on h indicated by thrir obvious 
degenmtion in the posterior region of the thoracic basket, where at least 
two pah^ fail to reach the 5ternunt. 



iilTli 


fibril ixtny t\t* or ttmtLg 
lu leetl from beJuw* 
[After CuniiiimKkiTTi.) 



Fig. 432 - Tbc thorude hus- 
let. C After SpiHiltduiIx.] 


To ujiderstand the EisilutTC oS this Jcgcueratkni it ^ciu)d he stated that 
all the ribs articubt^ at rmc eiid with thoraoc \t;rtebract while m die other 
end i>nly ihc seven pairs, or Inir rib^, join the sicmnm. The rrtnafninf^ 
five patrs arc tnown fabe ribs* Of these tJie eighth, ninth, and Lctiih 
i?i:t nrr audiomge to the stcmani indictctljr by rticam nf i!ic canibges of the 
seventh pair of true rite. Ordinarily the clevcnlh and twcUth pains, which 
arc eallrid fl^iting nhij hav-e so far dcgetienited that Lhty only partially 
eneinJc the bodVp ihus failing lo make t\m a vicarious attadimcnE to the 
sternujTi. 

The rite nl man. dierrfore^ Increase in [rngth from rhe to the 
srvTnih or eighth piirs and then surcrasivrly drerease to the twidfth pair, 
which may be reduced to mere stute hardk' more than an inch long* 
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In medical literature numcmus cases arc cited of extra human ribs, 
dihcr at the ccmcaJ or at the lumbar ends of the thoracic scries, pctsislinij 
in adult life. lastances arc ^\'en of a pair of ribs attached to the seventh 
cervkal vertebra, that camplctcly encticlcd the upper area of the thnracte 
basket^ joining the sternum quite after the manner of true ribs. PcRistcnt 
cervical ribs, however, are more frequently incomplete, failing of direct 
sternal attachment iFig, 453), On the other hantl, the first pair of thoracic; 
ribs may stmietimcs l>c incomplete (Fig. 454)t, resulting in a subnormal 
number. Additional ribs are of more frequent occiurencr «>ii the first lumbar 
vertebra than in the ctavital region, Extra lumbar ribs when they appear 
am called “gorilla ribs” berause they represent the normal condition in 
gorillas and chimpanzees. The closely related gibbons among the apes 
normally have fourteen pairs, svhilt the orang-utans, like their huojan Jdn, 
have only iwdvc. The anatomist Rahl in a report upon 640 human bodies 
examined In the dissecting rooms of the Uniixrsity of Prague says that he 
found forty of them, or a little more than six per cent, witlj a gnriUa rib on 
at least one side. Two out of the 64tJ had only elevTO pairs of ribs. 
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Ciimlla tills are aliout tiiree times motr rrtqtimi in thi; hiinxa.n niiilc 
in ilic {cmnilc^ ly fact diffiruji to tiamifinT/JC with Adum's historic losSi 
AUkttua Maigniis w’hu did not atwitys base lih artalomicial 

LtmtliiAiuns upon dir^M obscrva^ilon, disciwws vrT>' kamcdly the suppoSicd 
iiisciTp^iicy in thi: number uf f il* m ihr two ^cs, 

\\ iih rrsptet to lengthy the eleventh pair of ffoatiug nbs hnm sis 

lo trkven inrhcs^ wdiilr the twelfth pair, ran^ug fmm trirrc stuLt^ lt3$ limn 
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an inch lorig to approxijiLatdy a foot In length, may nearly cndrtle the 
body. 

In fetal life rih'^ arc not only present upon the srvoith cervical vertebra 
bni also upon all the himbar \ncnchrae |Fig, Morrover^ rudiment of 

ribs, N^hich afterwaitk wUli iJir centra tci fomi Uie lateral iiiaKS€:s of iht 
fiaiTiimp arc nttadied to tlic ^ciul vertebrae (Fig. 443], 

Rihlcss choTilat« inchiJe amphioKu^, the cydoi^toiitesp holoccphalans, 
skates, and stidi lophobranchs as Syiignathus and 
fwatmpus among the iclcost fishes. In the ganoid 
Petyodon, the ribs arc quite vestigiah 

Among other fishes there arr uvo ??orLs of rih^ of 
diverse origin^ namely, &fwlr£?/ imd dorsel fihs^ both of 
which are rorinected at one end with the \'eiftebral 
column, alUioiJgh eiitirrly unattached at tlie other end 
in the iihiFL'jice of a sternum ( Fig. 456 J. 

rib$ simply represent vertebraf hai^msil 
ardicSp anicfior to the amne, th^rt have spread apart 
enough to inramplctcly encircle the body cavity (Fig. 

456c), Iticy arc ihcirhirc sr>medmes knoivii as haemo! 
ribi. They Uc attirdy Inside the musdes of tlie bcidy 
Hall, neit lo the perjioneal lining of the body cavity at ^ piMtrdQr 

the points’ivherc the myocommata join this layer. The part of the vertebra] 
ribs of the dipnoh as wdl as of mcKt tdeosts and incindine 

B^tnids, are of ihB chameter. 

Dotstd ribs, tJrt the other hand, t^row oul from ihc Emhrj'nnic iLmbjr 
tranfi'eRtc pTor-Csaes of tlie t'crteljrac at tJic points where present on 

the mvoeiinujiiita cross the horizontal septum. They P”*; 

Uierefore extend between Inc doraaJ and ventral (groups Jcnlipim,) 
of ttniiidn thill form the iiotiy wall (Fig. 45Ga j, Most 
clasniohnmclis, together with all vertebrates above iUhes, hat^ dorsal ribs. 
In eLismubranch.<^ and modern amphibians thcfic arc short and insignjllrant; 
hut, begititting with re|itile», they hecemr longer, in tnatty insta^ee^ encircling 
the body cavity and joining at the veniraJ end^ with the breastbone to form 
» complete thoracic haslirt. 

There are a few ftshes, tint ably tiie ganoid Pofyplerus, and eertaiii 
clupeoid and fmlmorioid leleosts which have both doreal anrl central ribs, 
one outside the oilier (Fig. iSGa), making two pairs of ribs to each vertebra. 

.Amphibian ribs like those of all leimpodsi are of the dorsal typCj ulihough 
they are never more than mere stubs- In urodcles they are prewiit even on 
anterior eHiicbl vrrtrbfac which also have haemal arches and therefore are 
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asEOLialcd vdlh the Imnintoguf^ of both ™tral aod doraal ribs. In ntr 
m<Kiern ainphibiao do the ribs rncinctc the body cavity, hut In the fussJI 
gie^cphats strong u^f:l!-d€\elopcd ribs occorrcd. The reduced ribs of 
modem ampfiihianji are thtrtforc to be regarded as rather than aa 

pritiiitivc atrLiCtuio.^ 
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Ru- 4.% DLagriiiti^ iif the tbj-re p»ttcnit uf lilt anrngemenr. pliucito- 
hr«ni;h wtii di>r«;il raw: m gauijia with bnth donji and \Tiaial 
(hacRuli rilw; c, icliSRii wilh JiaeniMl Hb* miJr. ; Allrr Ciipprrt.) 

The short ribs of ueodek* are forked at their ptnximal ends like a letter 
thiift having two points of attachment to the veitehra (Fig. 457), in 
that way fomiin|f a passage-way between the fork and the ventbra, eallctt 
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tijr vtrirbrmlsTid! cartiti. A sttni- 
iar caiiaJ persists in mammids 
^Lnd c\Tn in matt, where one 
binnrJi of the fort becomes the 
“head'” and the other the *Hn- 
bcrrle^' of (he rib (FSp, 451 
and 458!(, thi43 pit:^xndng the 
large vertebral arteiy tliAi lies 
lltcrein frnni being disltirbcd 
when the ncci is stretched or 
twisted abonL 


The riha of the Anuraos are not forked, and bcconic small imraovahk 
tins attached to the transsense ptiKesses of the vmcbnjc. 

Among refitilck the rihs fnund in lizards and ctocodiles are mmt typical 
becoming differentiated mm a doreal bony Vfthbrai dunsion, hcmoiogois 
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Trfinsverse PfCKfffis 


to liu: rifa of the umdele and a ventral cartilaginous st^m^ diuisian that 
altaehes to the stemmn, which bs Simitrihinfl entirely new in costal devices. 
Scjnie lizards and crocodiled even have a third bony segment inicrtralatcu 
between these two parts- 

As tberr h no ilcrtiiim in snakes all thr rilis are "floating/^ which makts 
lE possibk for them to aid matemdiy in loctimotinn, because the snake grip® 
the ground with its ventral sraleti ^usd 
with die ends af its movable floating 
ribs. 

Turtles do noi have cartilainTJuus 
sicmal dcmenis in their rilis, Insteatb 
the bony vertcbml part3> which llattcn 
out and join togerher, overlaid by 
dermal costal pkte:^ to form pan of 
the don^al shell, or [ Fig, 439) * 

In Sph£in}ili^n^ tliat ^*li%dtig fossiF* of 
New Zealand^ there are sevcial un- 
usiiat ribs in the tail region, which 
suggttita an antestnd prodiguhty of ribs not characteristic of more modem 



VAftehraptBriDi Cswl 
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T%h ^33, Diaprattl to liiaw- ikrticub^ 
tiuii of nl] w'jlli bcah c^ntniui and 
pToecaa nf verrt^bra, rhua 
form mg rhe in£rrdiraftcfiftl canei. 
(After Webeid 


vertebrates. 

As might be expeaed, birds pr*=icnt extreme modifications in their ribs. 
Both the sternal and vertebral pans arc entirely ossified, making a firm but 
withal expansible Lhpracic biiitket for the altachmrTil of the powerful muscles 
of (Ujehi. 'rhLs necessary fimincss or soliikrity is further enhanced by the fact 
that most of the ribs are “tnic ” that b. eomiectcd with the sternum, vfhilc 
in the Mcral rrgioij the ribs fuse solidly with the vertebrae to fonn the large 
atiTjng ch ameteristic '^bacJtpiece," or synsacral cuinpleij that is bo effective 
Ill the support of the body weight The ribs of birds are thin and flat, afford¬ 
ing ample surface fur muscle attachment, and m addition they arc idually 
provided with light flat supplementary iincinn^e pfoctms (Fig, 459), which 
serve to spike tlie ribs of tlie thoracic basket together into a firm resistant 
unit for the attachment of flight muscles. 

In Archaeopteryx, the oldest known fossil bird, the riha were rDimded 
instead of flat, like those of lizards, and lacked uncinate proccssfa, atthtjugh 
Sf/kenudvti, crocodiles, and some fossil amphihians, such as Eryops, show 
these supplementary costal inventious. 

In manuiials tlie sternal part of the riti(< remains cartilaginous m adult 
life, Ihui allowing greater freedom i« reipiratory movements. Tlie total 
number of ribs m niaromals varies from nine pairs in the hottjte-nirsed w-hale, 
Hypewjoefon, Lo twenty dour in the primiiir'e twO’toed sloth, Cholotptis, d 
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South America^ which firttk m elongated thpraeic basket useful since 
U spends most of its time suspended upide down front the limbs of 
trees. 

irur ribs, that reach thestemyrn directly by means af their own cardtstge 
segments^ vary from two pairs in the sca-cow Trich&chus, to ten paiis in the 
agile spider monkey AteU^. 
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fig. i'jO. A pMt of the ikcletiirt iif n prxije, iLtmiug iinririalc rancesKK. 
• After Kin^lcy^l 


3. The Strniunif or Brcasibimc 

Aff coutra&tcd wiib ihc haikbonr »hc fmntlionc, or is the ter¬ 

restrial part rtf ihc Ihoracic bjuikct, that v it appears first itr the «‘ciIutitFiian’ 
histary «F vcnchraics that locomote on laiiff 

The maid of such a fitfcngthruiug structure to knit tojjcthcr the whole 
thomcir basket into a firm skeletal unit rm which the muscles of the anterior 
Je| 5 » or aniis may find suitable anchorage, k not apparent fur ilic more 
primitive watcr-dwellen like fislics that ftirwanl by lateml tail motion 
rathei' than by the leverage of bilateral appendages. 

Not only fishes are dc^’oid of any kind tif sterna] appnnitim, but ats<i 
sume of the lowest mtidrlest for tustanre, PtolfM and Amphiutaa, as well 
its the footless caerJlians, makes, and tunics. 

ITie sternum develops in the leiUral median scptttm rjf tiic anlrit'^r 
trunk or thoracic repon of iclrapods. In amiiintci it ff»mis the ventra! de¬ 
ment winch, with rilw amt vertebrar. cumpktes the thorns. The earliest 
*1 rue III re recognised os a stenium k found in uroddes. In .Vedirrui fFig. 
4601 it is a rather jnsignifiraiit appearing, Jm^guliir mass of cartilage extend- 
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mg over several in the ventral sepnim and with btaischcs nanTLijig 

into adjacent myosepta. Here it $cem$ to arise mdepeudeni oJ other part^ 
of the sikdeton such as ribs and pectoml girdle. In otiicT uroddes and lower 
ariuratis it is a more compact plaic 
of cartilage near the poSitcrior part 
of the girdle (Figp 46| )p 

Jn lldnti and other higher 
anuram the stcmtim cotisisrs of 
sc\'eral mid^^entral elements un¬ 
paired in the adult I Fig. 462). In 
the mid-line betvveen the hvo 
halves of the pectoral girdle is an 
epk&racmd eurtil^g^, ordinarily 
caiisjdered a part of the girdle but 
also acmaily in line with rhe siruc- 
Lures usually recognized as belong¬ 
ing to the sternum. At the anterior 
end of the epicoracoid is an onie- 
ytemuffi the basal part of which is Veirtriil dew uf Nmurat showing 

■ossified. A siinilar cafli!=u?iiioii5 

^ rnnta^ and pccTnr»i giTtiJc dn^wn m heavy 

and bony xiphutgrnnm js con- ijmiUie. {After Wicdcrihciin.) 
nee ted tr^ the posterior end of the 

epiroracoid- It is debjuabJe whether or nert this posterior pan corresponds 
to the cLiftiLaginoLLs plate of low'er Amphibia^ although many authors call 
its bony part the archistciiiuin. These parts all arise as paired arructures 
which subsequently fuse. 
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Fi|;. 462. Simuim Jcrtd pccT^roil girdie ef a lrdg« /Eetri^^ v^oitaI vL^. 
CariiJA^if idppJcd. (Fiuin SMyla^ Af^nUfU lirf Ci;>m farathr An^itmy, 
copf'tight bjr ptfniiLumn of Tile Mjioiiillmi tknupauy, plihliallicrsi) 
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In [^ccrtilm (Fig* 453) and CrDCodilia (Fig, 464) tilers is an cblotig, 
^artiJaginous plate coatijiijQiis with which arc i^iiaUy two hornlike, posterior 
proccffies. To the anterior end of the stemom the 
pectoral girdle ifi attached, Rite amnecl with 
the £ides and with the posterior horns. These ani“ 
mala may have been the first to haV'C the ribs 
attached to the sternum, altiiough some paUeun- 
tologJsts ha^ e suggested the poesibilky that the ribs 
of StegDcepbalia reached such a midventnil struc- 
hire, Knakesj and turtles are without sterna- 

Birds have a targe thin siemuni of replacing 
banc that affords attachment for the pectoral 
inu^li:^ n| flight, li h spread out flat in mnning 
hircLs [ranted), but in all flying birds (carinates), 
it carimt, OT kceh projects at right atigles to the 
larrastbone proper^ rundshing cgtuiderahle addi^ 
isoual surface for muscle attachment. The pec¬ 
toral girdle and bouy steniLil divisions of the 
ribs attach to the stiTmiiTn- A comparison of the 
keels on (Jic brcastiionts of an albatross^ a pigeon, 464^ Stcraum, gas- 

and a liiunttiiugbird (drawn to the same scale ^ 

lit I igure 465) ahoHS now hi^ a relative sur- (,Uicr Gcb- 

face for muscle attachmenL is orcessarj^ Lo enable cebjiir.) 
the tiny hummingbird to maiuiain its niar\ir- 

lous viLrathifj wing movements* w'hkh an: so rapid that the wings rhenw 
selvts^ like the spokes of a STwiltly totaling wheel, hlrnd out of filghL 

A cariiia is also a characteristic of 
extinct f})ing reptiles (ptertidactyb) as 
well as of rtjing bats, and in biuTow- 
iiig Italics attmng niammak, alrhough 
in this hitter case it h probably not 
homologous with the carina of birds. 

In manimaU Jhc .^tcmtim typicaJly 
i,onsists of a series of six to nine 
composed of replacing 
Ixinc, followed by a small cartilaginous 
process (Fig- 466]. To the arjierior- 
jnoBX of these elejncnts, called die mdw- 
tibrium, is attached the first pair of ribe. The oiher pair> of true ribs attach 
at the juncdoi^ between siemcbrac. The posterior part of the stenuim q 



Fig, -WiS* ConipMscm of thr kc^rl nf the 
nlbatrosj, K pij^rnti* P, die hiiuunineljirtl, 
II, H-£ippniIng ,ill T*> tiJive Jin rqual mpread 
of wing. (After 
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the xiphoid cartilage, hi Sittnia and some Cctatra the JteniiiTTi is a ^nglc 
bnny plate, 

111 dll* human atluit the sicrauiti consisEs iif three pans, namely, die 

/jifiTinbrium, the gladiolus formed by 
U)c fusion ol four stemeiirac, and 
die xipfioidi or etisiform, cartilage 
{ rigi467), Of these parts the first two 
arc formed of hone, and the last, as Its 
name implies^ of cartilage. Its super¬ 
ficial resemblance to a Roman sivord 
expJaiiiK why die names "manubri- 
um,'" or tiand-grip, and “gladiolus” 
and “ensiform,” both of which signify 
a sword, were applied to its compo¬ 
nent parts by the early ajiatomista. 
The cLividcs and the first seven pairs 
of ribs arc attached to the sternum. 
The shortening of the human 
siemuin, which results in theeonspic- 
iious notch on the Iront side of the 
dinracjc baskeL, follows iVie luslon of 
the ttetTiebrae and the canscquenl 
disappearance of the interstemebral 
cartilages. It goes further in the fe- 
nuile dmn in the male, thus allnwing 
a relatively larger unhampered space between the stem uni and the pelvis for 
the accommuthition of a possible fetus during pregnancy* 

ft is now generally agreed that in njammalkn embryos the earliest 
recognizable evidence uf the stcmuni is a pair oi ventral, hingitudinaj pre- 
cartilagimiiis bars in firmt of which lies a single, oval maw of precartilage 
■ Fig. Each bar soon fuses with the oval m:i« and Ls in turn jomed 

by the ventral emh of the hue rilh «if its .ddc of the liody. Beginning at 
dieir anterior ends the two bars gradiiolly fuse to foim a ainjle, median 
cartilagifious rod. Then centers of (H-dficatlon appear, iwually a single one 
for the manubriuni and a pair for each of the otliiT sTentebrae. Perhap the 
manubrium b derived frtitn the originally mu], unpaired, anteriur element, 
‘Ihc nxaininaliaii ritemum, therefure. arwes independent of the vriitral ends 
uf the ribs but near these structure. In rvptiles and birds the sternum also 
arbci fnim «w(j longitudinal liats which, even in the earliest observed pre- 
cartihginnus stage, are continuoiis with the riha. The Jlcrruil elements of 



Fijt- “Wifiw S trT TiTiTf T: untl Tih of 

j Bcp^rati: (tenaebrnfi, (From 
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Ti()(lcm «miphibiaii» arc asM:>rktrd with ihc median pan id the pcctnol 
girdle but nc^^r with Tibsk Thrre has been cansidcmlilc ccfnjrcturc as to 
wheUier or not JJit: extinct piTinitive Amphibia (Stegcicephalb) had long 
cartiiagkious ventral conimiiations of their rib& whidi reached the tniji' 
ventral region to join a carrilaginoiis stemnin, 

Uofortoimtdy cartilagiiious elcmcnbi do not lend 
Lhem^tehes to fossilizatimi* 

Three main thcoriis ha^’c cirvdoped coiiceni- 
ing the origiTi and liomologics of tlic ittmnm- Ac* 
cording to tltc GirdU Tk^itry a mid-ventral pan 
of the pectoral girdle ha» separated from the ixtjkt 
of diat sinictute^ elongated, and become the ster- 
riunj. Neither enibrynbg>' nor riotiipiicralive ana- 
Tnmy can offer much to support this concept. The 
Jiih Theory derive* ihr stcmnni from the ventral 
ends of the ribs. .-Vs noted abcnc, there h 5 ^ome 
support for this from studies of the development 
of the anmioies. The fad lIiaL ihe origin <if (die 
maminciliaii sternum can he iracetl back to pre- 
cartilaginous stnic:lure* Independent of the ribs casts a shadow of doubt on 
ihk theory'. Aho the sktiation in the Amphibia offei^scimeUiing of a pmblem- 
Some have tried to meet This diflicnlty by suggt>Liiig that pritnilivc siinphihiam 
hart long ribs which reac hed Qit ventral sick and gave rise lo the stemuni, 
althnugh there is no rtally good evidcsuie of this fmm palcontologyv Furlhcr- 
more there can be no doubt that the amphibian Skiiernum arisen in ontugetiy 



Fiir, ^67. *rhr: sdidi 
sicrDuiTi. (After SpallchoLs;.] 



Pig. ^flS. nev^kpmon of hTimnn itemmiu a. rsirly tlrage^ % e^rlDagin- 
1110 iiagf of j nlnr-Mff*-^ ernhryuv halm tiuJ-tliLj? wilJa ocie ufintbcr and 
irvhh vetiiml eitd* inf nh?; cx, slemimi of a child, rhowiinc cenJer^ of 
osifieAtkin whirfi nfc at first puired. fA. after Kingilcy; n and c, after 
.Irriv) 



ySi the YertebTiites 

CDTOplKtcly independein of definitive riba. Some advocates of thb theory 
apply il iinly u> amniotes and rorurider the mnpliibinn stemutti derived 
from the girdle region. According to this concept the airmiote sternum 
{neostemum} if a new ( tito, new) structure not bomologoie^ with the primi¬ 
tive one [fircAu/ffnium) of <imphibians. 

ITic third, and possibly the most plausible liiCDry, assigns an Indefiendftft 
Origin to the stemunt, \Viih the deveiupninit of legs and the nalgraLion onto 
land, new stresses develop and the need arises for both additional protection 
of the ventral body Vhfall and greater surifiice for the attachment of appeo* 
dicular muscles. Under these conditions the sienium appears as a mtxlijica- 
tiftn of the generaJ counectivc lienjc of the iiiid-vcntnd region, lioth in am¬ 
phibians (tnd in marnmaJs it has been uliscrved to develop independent ijf 
both ribs and gjrclle. Careful study Eising new techniques may enable us to 
recognize Eternal dements uf reptiles and birds in earlier stages than has 
5)ccn possible to date. All we know now is that the ribs and sternum of tlieir 
animals arc in continuity with one another when first detectable. There is no 
evidence that either riba give rise to sttmtnn or atemum to ribs. According 
Eo this theory of the itidependent origin of sternal dements, their conneeticui 
with the prrtoral girdle or ribs or both should be coiLsidcred as secondary 
and due to proitimUy rather than the derit'ation of one part from the other. 

VL GASTR^VLU 

In the ventral abdominal region, left unprotected by stemtim and rila, 
a scries of skeletal structuna known as Gartraiia {‘'Ahdpminal n6j" cr 
Paraiifmtim] » found in SiegocephuUa, Sphettodon, some lizards. Cimco- 
dfijo, and Archneaplrryx (Fig. 4fi+l. l>evettjping in the ventral parts of the 
niyuscpta, they do not meet in the mid-line except in Sphenodflu anti some 
of the lizards. They' may be homobgtiUK whh the stcmal parts of riba nr with 
the stcniuin, hence the various synonyms. On the other hand, they may have 
arisen as the result of lota! stresaea in the iibdnjiiinal region of Kime of these 
heavier, emwLing land animals. 

VII. TII£ SKULL 

When one takra in his hand a bare humon skull (Fig. 46P), wiuch 
during life WM never expired to the ticht of day, and views it thoughtfully 
fmm all angles, as Hamlet viewed poor Yorick's skull, it rmniea crmtcmpla- 
lion. Only the uninitiated and thoughtless shudder and turn away. The 
moraiist is remittcied of the inevitable rod of every iiuman life; the arfliit 
wpi in It a tfimpicx of continuoiii curving lines that spell grace and beauty; 
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whiJe the rtimparalive anattinmt )xali 25 & that Jie has before him the cul- 
minatiDfi of eounil^ adaptauDm, the age-long grist of a tirdeas evdu- 
iicnxLr>' milt. 



Fiontal 


I hr skill) of liij^hrr vrtt-cbrat& h a doubir struccurc* as shmwn by its 
embryology and morphology, as well as by its physiology, and its biological 
Study idirjuJd (jc undertakern ffrim 
these three asprttSK 

Emhrydt^^£atly it is made 
up of t^VD sets of bcjnts of di verse 
origin^ tm tsiiter and : 3 Lti inner set 
supplenientjngeaclj other, lo the 
coujiic of development tlicsr two 
kiiifjti of bony elements join it>- 
gethcr into a unified whole and 
4ire ni> lunger distLOgubfhable as 
of two Scinds, 

Mt^rphuhgfeally one siciill of 
tJie double stnjrtiire, the 
rratiii/m, surrounds the brain 
end of the neural lube^ while 
die other, the t planehnocraniumt 
t-jTii laxly encircles the anterior 
end of the splanchnic tube, or 
i-ie dij^estivc tract {Fig^ 231). 


Fmj, f69* Face \it;w <jf hurttim skulL [Alter 
Spaltchi^Kit-) 


Physiologkailjt the two fundamentaJ fuxiqtjons of support and pratec- 
L](m are both provided for try the &kulL, so tliat it may truly be said to serve 
> I least a double purpose. 


L The Develapnient of the JSraln Case 

A complete sketch of the and imion of the two crnbryonic skuib 
that became one in adult life tnayp for clearness of dt^scriptlon, be divided 
Into a scrica of arbitrary stages that pass cofftinuously from ant Into the 
other. Those stages arct (I) notochordal; (2) imdeqimnmg; (S) fusion; 
i4l upgrowth; (5) irofing-ovcr; (6) shinglitig^ [71 oadfication- (B) 
union; and {9) btmc-cinnpUTK. They arc fairly wd| rrpitsented in the adult 
rendition of v^oujs vmehratc types, rjEtinct as wdl iw living, and althoiigh 
they haw tlieir counterpart in tlte developmental stages of the human akuU., 
the panllcl b b) no means c]ort or complrtc. 

Beginning wth the notoekmdat it&gs (tig. 47f3) one otecrx'cs that just as 
the bmiti ta^ f>chiDd the fomiatiofi of the nerve cord, ^ the first ev'idcnccs 
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of a. future ^uil do tint appear iinti] after the nnlwhonl la well csubU' 5 hr{l. 
Before any skeletal elements except the notochord arc present, the brain is 
siirroupdcd by a thin, touph* mcmbrtiiioixs sac. which is later rcplacjcd by the 
dura mater and by the skull itself. The anterior tip of the iioii>chonl lies j'nst 
behind the hypopht-sis and beneath the mid brain. There 
are also present ihrre paiTS of conspicLtous sense oi_gntis, 
arranged along the sides of the braiu like devices on the 
instrument hoard in an autouiohllr. These sense organs^ 
the oJfactorv pits, eyes, and ears, are m yet without 
SikektHtl support. 

At this early stage the anterior enlargement of the 
nen'c tube, that 1 r dcstineLl to becDtric the brain, extends 
horj/oulally in fiont «f and beyond ihc end of the noto 
rhord without any skeletal platform to support it. This 
urgent need is sooti met. however. In the uniifrfHnmng^ 
stage by ihr appearance of two pairs of independent flat 
cartllugcs that form not only a son of floor upon W'hich 
the mpidlv developing brain may rest, but also funiitih 
siiimcthlng solid to whuh the important jaw masrles can 
lie attached. One ptiir of these cnrtiLigrs, the para£h(rT‘- 
daiia, is placed uiiilcr the posterior part of tbc brain on 
either side of the tip end of the iiDtoohord, while the pial- 
tiun r>F the other ptdr, the ptechordtiliii or trftbetutaf, is 
more anterior (Fig, 471J. At litis time the sense organs 
also acquire ilie protectioti ol ctdicaie eartihiginous sen- 
sfiry capsules, the oifacioryt <tplic, and pfiV eapsules asso- 
ruted witli the niisal pits, eyes, and inlema] cats re¬ 
spectively. 

The fnuT primitive itarrilaginnus floor-boards air at 
first quite independent, not only of each other, but aUo 
of the end of the intruding ntitwhnrd. and of the six 
Kiiwiry rapsulcs, ^farginal grmvth, however, speedily results in their corning 
into contact anil rveuiutilly coalescing as a single continuous plate which 
encli^s at its posterior end ihe tip of the notothrinf ami joins with four of 
the six cafKidra. This constitutes ihe / urmt iUige i Fig. 472). 

The manner of "fiiBion” with the sense organ capsules is difieiem in 
the case of each pair, due to the fundamcnbil dilTemuc b the kinds of 
stinmli tb.it the various future sense (ii'gojis are tluttined to rrceivc. 'riiijH, the 
off'r eopsuies uf ihr burr rarx. which are attiiurd to rcspotiil to vibratorv 
ronlart with sound vvavi> that can be tratLsmiltcd easily thmijgli an envelop- 
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ing proEcci^T case, axt enlirelj* ™rraiiJijJcd Iry and ctnliedded in skrleial 
cortnage excerpt for llic piuisagr-^vay Icfl for the auditory nerve. 

The eyfihtJf capsulti, on the other hand* which nerd to be able to route 
frcrlv within tlirir future orbital cavities hi order to be directed toivarib liglit 
coming from ajijr direction, do not fuse at oil with the rest of the skull but 
retain ihcir independence in ihe fomj of the outer tough sclerotic foot of the 
eyeballs. 
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-171, Diagnmi df ihd vndetpitming 
atai^c of ^kull clcs'clopmcnl Kcn from tLr 
vmiriii lide. Tlii; br^ now mtj upon ilie 
(n'ci'liordaJHi and pinurburrlEiliEi^ whik earb 
of ^noc iiT^niu h lupporfcd cap- 
iii\^ [After WiJdcr.) 



Fig. 472 - lltagr.iin of the fruloii of 

tkdl dcvcJopTTTnit^ ffoi frojii the %eiitTal 
Side, I’hc pr^rchordal# imd pamchordaN 

ftiirfd tj>e«iiw:r iirto a roniliiyouj pm- 
form imiilvTii? the rajlLliL|rtiotik sripparti 
of ibf oust jtkd rani md the rod of (he 
Oik^ichiiird. Thr cyrhall cipfulei rcitiAlit in- 
dfpcndcnl as pnm of the tclmitic \zyeF 9 
nf the €]fchailj, tbuK inuhin^ poMibie the 
tiiD^irnicTiti of the cyrs wkhirt the othitit, 
(After Wilder,) 


Lastly, the c&pniles of tkw olfaciory piS^ fuse solidly on their pcFSterfor 
.md imer aurfacci? with the ^kuU itself, nJihough pcrftsrated by ihe bnisHike 
oifaoitjry Ufirv^ Imm liehind. On ilieir outer surfaces ihty rrniaiu opeu Ukr 
cups for the reception of odorous leases, siucc ihesK: chemJra] stimuli, in order 
ii> produce a iractioti, must come into ditixt contact wiiii the ntryc eodinips 
vvitfiiu the eupS- 

In ihe cenrer of ihe platform thrrr h at firat an opening, the hypophy^mtJ 
femytTa, an mud Hie developing pitiduiry body, l^trjr the rarlilage gmws 
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Fig- 47S. Upgrowth *tage of ^iill fkvclopmcnt as WMti fraiu the Mt 
iiiit. (Aficr ^mk.) 
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dov^Ti and arointd ihc \'cncml side of the piciiitarj^ to complete die floor of 
I he bfaiD caBt- 

The platform ai^mhled hy fimm serves not uiily for support but 
nLso a$ protectioii for the bram ob Its uiider side. The protcrlU e fiuicUoii ^ 
soon exiended to inclade the aides of the brain by the j^rowth upward uf the 
platfonn at its edges and in bcfwccn tho semr organ rapsulrs i Fijf. 473)* 
This is the upgrowth riogr in which the roofless skulJ soniew-hat resembles 
it trougli or 4 deep spoon m the bowl of whJdi the brain lies* 
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Kg* 47S. Netitocraniuin of a wodde Irma, in dfirsul view. [Aficr 
VViederHlwrm.} 


Growth at the margin of thr devclrrpingcartibginoitjs esse contiimts 
LiJUll the rdjtpa meet above aruf fust ingciher in the roofmg-ovtr itage, dius 
compietiiig, at least iJi primiliv'e veriebratrs, a protective cmflopc 

aTT>iJTid the brain. The sltnll of the doj^hshr for exampte ( Fig. 474), is acjon- 
tiTiui>us cartilagiiioijs casket surrourtditig the brain, with no sutures to 
demarit itB jicparate components. It Is pierced by \'arinTj5 small foramina, 
through which the cranial nmTs find exit and hlnud vesseb p;vss in and ciiH, 
while at its posterior end there is a LirT^e tonspictious openingp the foramt^n 
mognum, through which the nerve rord extends. In bony vertebrates it fre- 
qiirntly happens that the caitilagferms roof is Limited (o a narrow band 
extcTidmp over die extreme posterior pun of the brain xo fnnn a ring armmdi 
the foramen magnum (Fig. 475). Ax a result a different sort of roof is 
dc\ eloped for most of the skulL 

Thus far only the formation of the tiiiter ikull has been touched upoiti 
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The ihiil Folios' concern %ht niipn nf ihe f>uUr inv^^siing xkulL and 

the final modifiiCatinn ancl imjnn ol llie two skiiUs into diie. 

After the fomiadori of the inner canilaRinous envelope Jtisi tlescribed, 
or cvm bs'Fdfnf that pmee^ is compktCj the inner -■'kuli heeonies partialJy 
overbid by rertain dcfiohe hmy trlctnrni^ t^hbh arc not prmonsly mHirked 
out In i:artilac:c huL instead arc formed dirccllv as Ikinr. out of dermal iticm- 
branc* Tliis may Ixr eiilJrd tin^ sUige. Ordinarily dn- bony 

do not fn?c together completely ;t$ To lose tlidr 
idetitiLy, Fml mtlirr jom„ each one io it^ by 

means! of drmly ilcfincd hnmnTahb joitits, or ^uUnr^. 
Together these borsci eitnaiiiutc she oincr skull. 

fn the t'bilnicodenus, now regarded lTosc Lu the 
ancestral ‘^tock of ihr vmrbrntcs, the head was quite 
eompictelv covered by mimcr<riis s<'a|e-like bones which 
were not parbcularly dllTcrciit, except in ihtdr cnlargctl 
flbse, frijtti other m^Iiw thai were found in the mink 
and tail rcj^inis. 'tTr ontcr skulk ihcrcfnix* makes its 
jtiltiii] appt^anincc as an cxs^skdetal armoi' ul separate 
Kraly pl.iU-^, lfH>«rly shingled over the itiner cartilagi- 
nrnis lTrainlx>x. 1 he fully forituxl skulls of Adpmier 
(Fig. 47hi and odier ciirtilaginoujt gnmiicb (r.lion- 
Hg, rhe ikhill are in the shingling mtart. 

ifl a tiurscTiTt. 4ri(-n- ^ ^ i ■ * -i- ■ 

i/e. tlif living die timiT k-mtn^ of assificatinn, forming the &ssifi cat tort 

tartllugjDoa* Ault siKsn appeal' in Lhc inner cartIIaginons .skiiHt 

(dotted) and the pjirikidarty amund ihr fomminii for the exit nf the 
t>Liicr skuW nf bnny n i. , . , * . 

(AtiiT tlfhratc nnres where protccTinij is c?Fpccmllv needed. 

tmiir.) What waA ai firsS a coritinuoui^ rartilaginons rricasc- 

IIlent for die Imiin ihuai ljcer>mi^ gradually replaced 

In' defuiitc ^parate bririm, which rntrease rapidly ai their margitis^ thus 

alkjwing the entire struErtnre to aretirninodaic itself to the enlarging- brain 

wiiJiin. FiiiaDy, the nrw replacing Ujum uf the inner s^kull, like the scaly 

inveitin^ Ixuieis of the outer skull, join ttii^cther in sutures and fusion^. 

fikulls iu Uife stajre of development (mxut priiiiripally among ihe fwjiiy 

gajioids of whidi ihrrc were abimdani ijM^cics m Devonian times. The 

bowfin^ or Amia (hig* 477 is a modem rcprrseniauve. The process of 

n^silication of ibc inner stbjlL initiated in the ganoick^ ia mure cnitipletcfy 

Larticd put iti aiTiphibians aii<l irptilot,. Fossil skulb of lower verTcbratc^i 

niiirb tn t>r drsire^l hy way of supplcintuliiig our embryologictii kmwF 

edge of the course of events for the rcaspu that usmilly tJie irnportanl csrtl- 

lagitious parts have tiot f>ecn presen rd. 
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following: Ui« iHsUk of rhir caitiLigiiious inner ^kull, the outer der¬ 
mal skuU bonc& sink deeper m from, their fonner exiemal ^ ale like position* 
and, beconiittg ovnlaid witli skhi, are grafted inseparably in die bones of ihe 
jimtT skud. This is the union stagi. A single &kull is now all that is \isib1r, 
for there is no way^ except by tracing the mode of cmbryonk origin, to 
disiingnish the tntf^sHing honei of the miter skuU from the r^plndng honei 
of the inner skuh, since both present the same appearance as to testum* 
These embr)’onic stages of ihc uiilon of two skiiTls m vrnrbraitrs are par^il- 
feled by t}>r adult skulls of various amplubians and reptiles. The hva skulk 
of ^he tuilon ^tagr are noi hroughi in idl ensesi into such close contact nith 
each other that their dual char¬ 
acter is ohliteraled. hi ihc turtle 
(Kig, 481) for exjunpJej ihr 
doublrnm of the skull is evident, 
althc^ugh the inner part imme- 
dbidy arouTid the brain and the 
vaulted roof above k do not 
strictly ronesptjiid ta ihc inner 
Mild tiutiT skulls described by the 
c'mbryuhnzist. Tlir larsje outer 
roi if of the turtle's skull provides 
julcqiiate surface for the attach' 
mcnl fjf the head muscles* par- 
lirulnriy thow of masticaiians, 
rather Ihan space to accommo- 
djit: the braim which is disap 
pdtiringly FmalL 

rhe final phase m the lait- 
hryoiiic devidopmenl of I he era- 
tiiiim is die bone-isomplex 
h results from the fusion of 
neighboring bonci: into com- 
pliixrs thereafter pass for 

single bones. Thus, the sphcuoid bone in the adtili human skull is a com- 
bination of at least ten dllfcreiiE cmbrvonic Imok, namely, the tirrf- anti 
ptesphfnmdj. whkh Juv rcprcM'ntcd diroitghoiil life in mnH vrrtrhratc? as 
single bonCA although arising Titsipeciivcly from centers ul nssifiraliQn' and 
die paired orbit&ifiAenmib^ oJispkerttmis, pliuygoiiis, and the medi(tn tameHae. 

Since a light, Mitirig brain is de&intlilc for purpoM of Highly the 
prcKcss of bouocomplex formsition in the avian skud has gone to so greai an 
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extreme that ihdsi of ilic sunircs become obliterated in the adult bird, 
^ving the cranium the appearance ol an aititost eontimioiis bone. 

(i) the majnntoiian sktiU. as pretiousiy mtimated, all ol the stages 
described in the preceding paragraphs arc not repeated. For instance, the 
outer, or invcsrtuig, skull begins its tapid devclopmeui before the hmei 
ranilaginous skull has been completed, tn romctpicnrc of which die up- 
pro wih and roofing-ot'Cr stages arc largely omitted, tielng rendered iimiece& 
sary since the iiivestirtg hutiu prove adequate in forming a roof over the 
brain. There remain, ncvcrtiuiless, mmusiakabic evidences of the dual origin 
of die vertebrate cranium even in man. 

2 , The Spianchnocranium 

Tlie description of the utull so far given applies solely tn the netiro- 
^aftiuni, whic h invests tht end of tlic neural lulic, that is, tlic brain. The 
other ttn>tphtiJ(>giLal half of the skull, namely, the sfilfiTichnocraniumj sur* 
rounds the anterior entl of the digestive tube in the form of a Serb's of 
cartilaginous or bony arches whkh rtrcngilien the walk uf the aitlcrior 
portinti of the tuhr that hitve been weakened hy rlic respiratory gill dbs- 

Among the lower waier-dwcliiiig vertebrates the spLuichnfX'raniiim is 
rclatlvTly large and may extend poatninriy Luther than die neuracTamiim, 
siiicr it lumfehcsi support for the respiratory muscles of the gills. Higher up 
In the evolutionary scale it becomes more iind more reduced. The couveiae 
is true of ilie neuroerjiiiium which incirascB in relative impurtance with the 
inc'reasing si/e of the braiiL 

'Ilte primitive arrangement of die splanchnoaranium may liest !« under- 
fllfiricl hv reference to the skull of Stjndus (Fig. 331 i, in which thr dLsthic- 
linn between the neiirocranium and the spianchnocranium is still clearly 
defined. will be seen there arc present seven carlHaginous arches encir¬ 
cling (hr anterior part of the jiljmcntary canal, one liehmd the other, like 
horscshfics wiib the open ends up. barh ardv k c:nmposcd of a number of 
separate elements that articulate with one another with the result that to 
some extent the arcJi as a whole may be extended or contmeted accordion- 
fashion, j» ur.ra6iotl demands. 

ITic first or mandifuttar arch, whith is the meet anterior one. b madr 
up of two pairs of separate dements that delimit the mouth. The original 
hurseshot n«h henik back and breaks on dther aide to form the articiibr 
joints of the jaws, as shown diagrammaticMlly in Figure 47ft. Thr dorsal clr- 
nirtite, or pUrygoqvadrate frartifuget (bometimea called the ptiitUoqmtii- 
ratei). bernme the upper jaw while the ventral pair, or Meckel’s cartilages, 
fonti the lower jaw. 
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In tKe spiny dogfish (Fig. 231) as welJ as mcjst othrr clasmobninch 
fishcsj ;hc second or hyoid irreA, emancipated like the niatidjliular amh fmin 
bearing gills, senses as a support for the priniar)' 
tongue and al^o as a suspensorj^ apparatus, furnish¬ 
ing the only points of aiticiiiatlun between the tieur- 
ocranium and the spiandmocranium. 'Ihe longue 
support includes a median bruihy^sl which mns 
across the anterior part of the tongue and to each 
end of which is atuched a c^r^t&kyd. From the 
posterior, or embryonic dorsal, end ol eadi c era- 
toby at a kyomandibular nins medially to attach 
to the side of the ode tegJou uf tlie neuroorauiutn. 

The posterior end cJ the upper jaw is attached at the junctioti of hytiman-- 
dihiiiar and ceratohyal. 

TTie five posterior arches are giE archer that, somewhat in the manner of 
ribs, extend protcc lively aroutid ihc anterior end of the digestive tube 
(Fig. 47DJ. Between tliese pairs of arches are gill sUta^ which allow water 
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Fig. 479, Cixiss section dLagninfi of primordial neumcniniiirn and 
spIjnchnortamumH 


entering the mouth to out on dther side after bathing the ^-asoilar gilh 
that hang suspended from the arches, Thr gill arches diminish in ske pejs- 
terioriy and in numbers in bony fishes, the toss always coming at the pos¬ 
terior end of the scries. In a few of the more primitke elMtnobranchj^ there 
are present sis and even &t^en pairs of gill archea, but die usual number 
is five. 

In higher vc^teh^alc^ only the mandiliular arch becomes overlaid by 
investing bony elements which arc therefon; limited to the upper and lower 
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jaw regions of the ?p5anchnocranium, la the boay fishes the gill cover, tir 
<ipcrr:ii]tim, ol each siile of the body consists of four thin flat bones, ihe 
operciiinr, fwoperctiiar, iub^percuiitr, and intcrepercuiar. 

la the evolution of the higher vertebrates the need for respiraiorv' gilh 
jfpv® way with the rise ol the lungs, and giil arches befome relegated lo what 
may be called tfic tmalomical scrap-heap. They are not entirtly lost, how¬ 
ever. even in man, for certain parts of the maiint skeleton are direeUy 
derived from the primitive splancbnorranium, inherited from ancestral 
wiUtr-dwellers, Thus the legendary history ol remote anrestois is retold in 
the human embryo. Nowhere is the thrift and resDimcefulncga of Mother 
Nature better exemplified than in the disposal of those parts of die .splanch- 
nocraninm that have oudi^vi! their ori^nal usefidness, owing to the emerg¬ 
ence of veridirates from life in w'ater to land, 

3. Types of Ja^v Suspension 

Tlierc arc four principal types of attachment of the splanrhnorranliim 
to the ncurocranium, namely: atnphistylic, hyostylic, .intostylic, and ctatiin- 
stylic (Fig. 460). The hist three ol these hi^nlvc the pierygoquadrate. the 
hyomandibular, or both, wiiile the last-named is associated with investing 
bones. 

Amphiityiic snsptnsinn occurs w'hen both the picrygoquadrate and byo- 
mandibuiar make direct ariiculatlon with the neuroertminm. The pterygo- 
cjuadrale usually aniculales at two points: (1 ) a bufat (rroreti meeting the 
ventral side of the neurocranium at the Irr^xl of die posterior end nf the 
embryonic trabecula, and (21 an chV* process, at die pistcrior end of the 
upper jaw-, articulating with the side of the ode capsule. The byomandibiilar 
.ibo artii-ulatcs with the odr capsule, 'fhifl type of skull is found in prlnuLivc 
cartilaginous fishes including a few living selachians, 

■Hie hyostviic method of suspension, as found in most elasmohraneJw 
and ah bony lishra, was described .ibtwc for Stjudus in which the hvcunau- 
dibiilar alone acia as die siispensorium of the spiaiuhnocranium, fii die bony 
Fishw a qn/tfirfUe bone devclo|is in (hr posterior ptm of the pterygoquadrule 
while an cirdViiffir bone forms in the portion of Meckel’s cartilage wliich 
articulates with the quadrate. This bycistylic suspension permits pTotrurion 
of the Jaws in the prehensinn uf food I Fig. 221 i. 

In nutfistylic skulb, which are found in dipnoaiu, amphibians, reptiles, 
and birds, the upper jaw articulates with iJw neunHraiuutn ihmiigh tw-o nr 
more pairs of processes without inlerwiidon of the hyomandlliular, Tliese 
ardculations ant usually of the immovable type fsyiianhrosesl. llie hingc- 
tvpe articulation between die jaws fe Ijciweeti the articiiLif of the lower Jaw 
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^id tiic quniiruLL' ot the upper jnw, as m ihc bony fishes. Possibly Bolo- 
ecphali also bclun^^ in tliis ii-OE^ory bui their enure upper Jaw i» almost 
nidblrnguialiahly fused with the neun;crimiiim- 
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The craniosty^ic t>T>c of skiiH, foimd only in the mammnlfi, is a TnodHi- 
ratioa of tlie autostyli^: type m tfiat the upper jaw articulates directly with 
uthrr skull clrmrtiL^ withrmt any hyDmandibuhkr partidpation. But in the 
tnammahi the arthniW and qvuidialc lioiics^ buccHTte trarudnrmcd into mlddlt: 
c:ar osskles (malleus and Incus, nspccttwly) ^ while the jaw arrieiilfltiDii is 
taken over for the finrt timr by two pairs of in veiling bones, the dntUirSes of 
the lower jaw and the squamosah of the upper jaw. 

4. Comparati^T .-Vnacomy tif the Skull Bones 

Arcording to Gregory there may be as many as 180 bones in the Ekulls 
of some of the pnmjtivc fishes. In amphibia anti reptiles the number ranges 
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from 95 down to 50, with the smaller number in ihe more recent specks 
Mammals u 5 U 2 illy have abcxiit 35 skull bones but man has UB or less, includ¬ 
ing; the middle ear oeisielK. 

F#vcn tliough we were to limit outlives to a cqnsideniUcin of the 
impurtini dements of the skull it would be difheuh to follow the evoJu- 
tionan' changes of so many parts at one time. It is preferahk^ thereffire* to 
Ifive our attention to thhi complex strucUiTc regum by region^ considering 
the various parts in the following order! 

I. Cartilage^ or repladiig of 

1, Occipital ring 

2. Venlrat irough 

3, Otic capsule 

4. Optk eapifule 

5. Olfactory- capnule 

6, PtciyROquadraie 

7^ MeckelV cardLige 

0. Hyoiiumdibuhir 

9. H^xihranchxa! appamtu^ 

IL. Investing of 

1. Roof of ^kull 

2. Pterygciquadmlr covering 

3^ Venua] stirface of skull 

4. Meckd^s cartilage covering 

Throughout the following discusskm it should be kept hi mind that fre* 
qumtly ihc homologies of parts arc far from certain. *Ywo bones may even 
bear the same name in difTcrrul fpecks and yet not be hnmologaus. Because 
a tjcnc ocenpiti much the !iame regiun in a lower vencbrale as anniher does 
in a mammal* the fonner may have been named after die laiter* Vet careful 
studies of the embryonic dcvdopmctits of these pam may sdniw' cleariy that 
they ba\T distinctly different ongiits and consequently are not homolognus. 
Because most of the parts nf the cyclosiome skull are of doubtful homology^ 
they will not be mduded in the present discusion. 

At the ptAteriur end of the skull an o/cipital ring of caitiUge b bid 
down around the foramen magnum, through which the nerve cord is con¬ 
tinuous with ihc brain. In this ring four bones ufamlly devTlop: a dooial 
iUfnaeffeipital, two btcral rxof^ipiiabi ami a ventml basiaedpitai (Fig- 
1B1 ;n hiodem amphibiatis, howetcr^ have only the cxoccipitala. In this 
region tliere is usually at (east one raised 5mrracT for artirubrjon with the 
first vertebra* Such a surface railed an oedfoiat eondyle^ In carriJaginoui. 
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fishrs there are two of these condyles, one on eiUier side of the point where 
the notoobord enteis the skull, while in bony liah« the entire baaiocdpital 
region, concave on its posicrinr end, projects ptwieriorly to ardciibte with 
the c:eiitnnn of the first vertebra in a juint tumilar to that between any two 
amphkodous vertefarar, Present in all tetrapods, these condyles may occur 
on the basioccipitul, on the two exoccipiiaJs. or on all three of these bones, 



^rnietal 
^'-Supraoccipfrui 
3quorm»Crl 
'Fofornert Magnum 
, _i,'-OpSsthatic 

OceipitfllCoiufyfe 
‘ Ear Cavity 

"Cmiolpifql 
‘^"^Bauaocrpihal 

Quadnats 


Fig- ‘Ifll. view of i mrtk'a *kulL (Aiirr Reynolds.) 


but not on thcauprancCjpJtaL A tripartite condyle, formed by contrihutigtu 
from the basioeripital and exoedpitab, is fouml in some sregocephalians, tin; 
cotylosaurs, and most thcrapsids, as well as the turtles (Fig, 4fll), lizards, 
and snakes aiiumg modern reptiles. From this primitiw condition there seem 
to have been three lines of evolution■ The modern amphibians, having lost 
the basiotcipiials, liavc two sqjarate condyles, on the exoedpitaJ bottes. 
Some extinct reptilian gnup, as well as the prereilt-day cmcodiks and also 
llir birds, have a single ocdpital condyle on the basloceipital only, the exoc- 



--Squamowil 

^praocdpltal 
biDcdpital 

Qi^ratoji>gal 
p Ffsronien Magnum 
^'^uadmta 

TranspalaliFtw 


^ OcdfHtal Condyk 
Bojioccipfhil 
|r SewUphenoid 
-PtAiygakd 


Figs 4fl2, P<i«tcrIor view nf an allLgatiir^s kJeuIL 
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ciipital part 5 bccomiirff rrtlm’trd uiitiJ thc\^ dn not pamtipsitt in the condylar 
surface {¥\^^ 4S^), MaJtumlis and tbc liijdicr ilicrapsids luivc two condyies^ 
tin tlic cxot!i jpItA ciiily, the condj bt region iif the hasiot^cipital disappear- 
irij; although rhe bone itscll not lost as in amphibians (Fig. 509), 

ill the iTi}ugh anterior to thr ba*^ifx.r.ipilal niosl jnammals develop 

a row of three unpaired, median bones; bmiiphf^noid, pf^iphenoid^ and 
Tfieiethnioid. with the bst-named forming the dorsal part of the tiasal 
septum ( Fig*- 4B!i and 5tX] 'i, Extcndini; dorsally into each orbh Froin the 
side of the prcsphrimid h an OTbiimphenoid. In tetTapi>ds ej-thcr than mam¬ 
mals the anterior part of the trough nsually reniaiiis cartilaginous as pre- 
splicnoid and mesethmoid bunc& do not develop- 



FroEilol 
Alnplwfioid 
Ofbitcsphftftold 
Plvrygoid 
Pruphenoid 
Ncwl 

Ncfsorwbinfll 

iacriinol-*'^^ 

BihmGid^T^C 

Premoxiffary 

Moxitbry^^ ^ 

D»nhn7 


Intflrparifitol 
Porielol 
Supmocdpttal 
Squermafioj 
PefTonicntaid 
suKcip^al 
Tympontc 
Badiphangid 
Baiiouipital 
-Tymponohyal 

Jugol 

^^Syiohynf 

Cnfoiohytil 
[^^Thyrohynl 
'^'Bosfhyal 


Fig. 4A3l Cuniporitr miirmnjjlinii ikiill. (nvestlne \Hmm in otiliiar: jt* 
pikiriitg bonei^ docicd. I-Xllp luoniiMn «jf ujsjii ul ibi; i.nijsiMl r<'fVT5. 
r After Wdjtff.) 


Tn the osic three iwjncs arc commonly laid down: a dorsal 

e/Mfiffr; a vmtml, anieri^rf protltic; and a ventral, pcwieritir opistholk. In 
mammals tlics: three usually fii!« in form the peir^mfjHmd. In birds the 
pn>ridc forms most of ihe ear capsnle^ while the jrraall opkihotk with 
the exuccipifah anti the small epioLic witli the mpr^uv^cipital. .-^rnong reptiles 
the piTtSticR arc tnmally fieparaic bane^ while the opbthf^rtirs fuse with the 
rxocrlprEals except in tnnlcfl (Rg. 4H1 ]- In .\mphibm the prootk and some- 
limes die opL^hotk ap|3ear as liepiimte hones I'Fig. 4B4)* 

As mentioned preiintmly ilic optir Cijpmif does not fuse wTfh the other 
parts of die chondfDrnm'mm. Instead it become:? \l\c ickralk pres- 
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cut In the eye hall ot most vertebrates except marsupials and placental mam- 
ruals. In some reptiles and birds a dng of bon^s out around 

the cornea {Fig. 435)* 

In reptiles, birds, and manmiiils 
ihc bicol iv'all of each olfantary 
fGpsule usually gives rise to an 
€L'£dhmdd bone frf>m which iut^ 
bintil phtes {caficharj extend into 
the corresponding nasal cavity* In 
reptilii^ and birds, in whh-b the 
nlfaclory sense is not wtU de¬ 
veloped, tlicse bones are smalL la 
mammals tJicy are nuicli larger^ 
the conebae becoming extensively 
coiled lo fill practiciiJly the ciiLire 
nasal cavity oi diusc species wliicb 
have a verv keen sense of smell 
I Fig* 6811. In man three turbinal 
plates tiang down into each nasal 
cavity from the lateral wall fFigs. 

486 and G77 .., In most jimntmb 

tlir two ecHctlmiOLils ficse dof^^y 
with the rnedian mesethmold, pre- 
vjousrv- mentioned, to form a single edimoid l-sone, Al tJjc pomt of Jujig- 
lion of the three pam, die cthmuid bone is ffattmed out into a fribrlforjn 

ptii(c which loTitin port of %ht partition hciwcoi 
the cmtiial cavily abtjvc aiid lire tia*eal cavities 
below and in from (Fig. 487). Tliih plate is 
perforated by numerous" through which 

die mijiiiLr brain. In:* of the olfac tori' mnve mn 
from the organ of smedJ to the olfactory lobes 
of (he braiJi. Ethmoid is from tiic Greek and 
cribriform from the I^tin; l>oth mean "Sieve- 
hke.” 

The cartilagtr^i, which serve 

as the upper |sw of cardlaguious fishes« give rise 
tt> one or iwc] pairs of bones in most vertebrates. 
In the <iumlmte region id all groups below the mamnials ibere is a qTiiidrfii£ 
bijiie, with wbirh die lower jaw articiilatrsi^ whilr iu rnammab this 
region gives rise to the incus, the second in the cbabi id three small middle 



Fign 4 S 3 t Extritial vIpw of 
cyrbztll of I p]gc™, Cnhimba^ 
tbi,iwit^g frlcrriilli: plalci. 
ler S^ogt .and \'tnig,) 



Fig. !84. Hi'^rwl view of The ikull of jVfC- 

/iirju^ (From S^ylc^ Mtifumi ftit 

tiz't .4ndluJril>y pettiiijs- 

sioii of The Macinjllim CompLuiy, pub- 

Ljdm3.) 
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Orbll 

Serial Cancha 
Cells 
CbncHo 
Sapivfn 
Conchti 
Anhurii of Kighmere 


Fi^ 4B(i A out through tlio dium! rrgioup ali^^^viug the eihmiiid 

and hidiinjl buiie^ liCiivlIy miEJmcd in blitck. tAlter Tlll^nx.] 



Fron^o-I 
Criita Goth 
CribrlforiTT Plate 


Ethmdd 


Wing 

Groo^ 
Turoca 
Wing 
Busa oF Oixiprtol 

PoItous Portion 
ni 


SphanDid 


Teirporal 


Parialol 


-^upmoocTpitol Portion 


Fig, 4lijH Inlrrnal vitw of IwAff of huiiiaii «kuLI. ^ After Toltli,) 


car bonf^ (Hg, 480). A scccjnd pair of bones, appearing in some tcpdl^ 
and m mamniabp b laid dsmn m tltc pwee^s rd the picrygo- 

quailnitc whi^ih cxicndE dareally info the rc^on Imt hi fmiiL nf the trtic 
capsule (Fig, 489), In reptiles thb bnne is cJicii the ^pipteT^goid (Fig, 
490) while in tnamniiJii it b the aiisfth£noid. 

A/fffJEcFr cartitagf, the cmbn^ic lower jaw, usually pves nsc to an 
artimlar lionc near the angk of tlie jaws which, as its name hnplies, ^rtirtK 
laces With the quadrate of the tip|icr jaw {Fig^, 491 and 492 K In mammals 
the articular beromes the mdtem, the outmtiDst of the Uircc middle ear 
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bones 488 L Tht remainder of ibh cartibgr iisually degencfatcs, its 
pbee being taken by investing Fjones^ In some fishes and ampliiblnns^ how- 
cver^ one or more additional pairs of bones may develop in the cartilage. 

The fcyonTtffirfi6id<rf becomes ossified as a lionr of that name in tlic 
hyostylic Ostekhibyes [Fig. 491) - In the autoatylic tetrapids it gives rise to 
Uie ot itaprs of the tniddle ear, 

transmitting vibrations from the external 
ivTiipanic membrane lo the itiitmal ear in 
all except mammabE, In the latter Cla^ 5t Ls 
the innermost of the chain of three middle 
ear bones which includes malleus^ incus, 
and stapes (Fig. 488)^ 

The hyabr^fichial apparetnii^ which in¬ 
cludes the five branchial arches and the 
hjuid arch except the hyomandibular, give# 
rise m tetrapods to laryngeal rartibges and 
the hvoid apparaius. In larval amphibians and adult perennibranchs these 
structures, bi somewhat modified form, are still a5w>ciaicd with gills (Fig^ 
493\:. In the adults of strictly land umphihiiinii the apparatus is reduced 
to a pUlc of cartilage from which iliei'c extend out several pairs of horns 
• Fig. 493fi). Parts of the latter are bony* In haards (Fig- 493u) and birds 
(Fig. 23a I an ^nio;^lmsat procesSi part of the hasihyai^ extends into the 
tungue. In birds only one pair of horns k well developed. In the amphibians^ 
reptiles and birdn small larxTigcal oirtilages of doubtful liomologics occur 
(Fij^s. 352 and 353). 

Ill rnanimab (Fig, 494) the median part of tlic apparatus h limited to 
a iransvcise bar,i the body, tn die base of (he tungue, j\ pair of long atiUriof 
kornr, from the hyoid arch, extends up to the ear regions into which the 
hyomandibiilani have migrated as the stapes, os noted above. A pair of short 
partiTjor horns^ fmm the first bnitichial arrh, rests agaimi the lar>T>x. The 
ihyinid cartilage of the larynx arises from the second and third branthlal 
arches, fkime uncertamsy exists about the fate (d ilie fourth and fifth 
branchial arches although there h evidence tliat the founh may give rise tn 
Lhc cartilage of the epiglottis and the fifth to parts of the km nx and anterior 
tracheal rings. 

What beromes of the different clcrncrm^ Uiiit make up the splanchnic 
part of the primitive skull is presented graphically in Figure 495, where the 
theoretiral extent md potiition of the original arches arc drawn as a back¬ 
ground lor the relics that pcfxi^ Fhe same thing h idsii indiciited in Figure 
496 and Table VU. 



Fiff. 4Hfl. The bones of the mid¬ 
dle cjir, ^ Ahcr 
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TABLE VIL Fate ol ih^ Visceral Ardscs (S^ilaticlifMMraiuujiiJ 


OF 

VtbC^Al. 

AKCll 

tilASMCh 

nKAMG1l5 

fiTHEat 

rii^iTE^ 

A-UflUft- 

ILLFTILES 

ANO man A 


1 

Ptcrygi> 

i]uutdri4(e 

Qimdrait: 

Incus 

L^nossihed imrdon 
icovE^d by investing bones | 

Alkphcnoid 

Mrckc'fs 

citnil- 

iige 

Articular 

^LllIIpus 

Ulio^ihfrd portion 
(toA^tTcd by iti¥e£iting bones^J 

MeckeiS cartibgc 


Hyoid 

arch 

iiiiiTulib- 

ular 

ColuntdlaT Siii|M!s 

Stapf^ 

Hyoid 

HycibranchiEil 
»ip|?araLu> (m 

Sty laid prixlFSA 
External car 
candage^ 

Ainerior fioni uf 
hyoid 

3 

First hrarichici) 
(gill) arch 

Fart of hvoid 

Posterior horn of 
hyoid 

4 

SrcoDii bnuidiial 
Atdi 

Patl it[ llinid 
sp^jiaratiin 

Thyroid cartilage 

s 

Tliird branchial 
(gill) nrrh 

Pan of h) oid 
appaiatui 

H 

Fourth hrawfJiiaJ 
IgiU) ardi 

Pan of hyoid 
A|iparaiuft (?) 

Epiglottis f?] 

7 

Fifth br;tnrbia1 
(gill} arch 

Laryngeal and ira+ 
cheui canilagiis (?) 

Arytmoid and cricoid 
curtilages (?) 
Anieritir tracheal 
cartilages (?) 
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^^yomgndibuCar 
f^SpErecf* 
Quadrp^b 
Arfiojlar Ragion 


Mcindibuforc! 

Afch 


Ofk Procma 
'Sropet 

—dosed 
SpFracularSIJl 

-Tym panic 

Mftmbrone 

Ceratohyal 


Amending Pn 
&asal Procftis 


Mondi£3ubr<^ 
Afdi ^ 


Clo^ad 

5li( 

TymponJc 
Membrane 
rjjf^’^Qyadraltt 
" 1 Region 

Articular Region 
“^'^G«clobyQ( 


AicEnding Process 


Angular Bone (investing) 

C -esz 

Aniage of 

AliaplionoTd^'i. rSam 


■”-tnous 

, tf^-Siop« 

Tympanic 

Memorone 

^^-^Handle^of 
B Malleus 

—Tymponic 
(Angular) Sojie 

Aniwior Horn of Hyoid 


Malleus 


Mflckei's Cortibg^ 


Fig;. Din^rrams shov^fn^ the cvnlutlon of the mnndibukr and byuld 

aniltj. A* piimilivc liiiluatylkc £ub} 'ap firiiiihlvc tclrapuid^ prrmitivr 
fy, prwniiive plLwamml ninmnuiL AU me Icft-Liirnil vicw-n, ^ After 
CroodrjctL) 


It will be seen Ihat tiif embryonic (skeletal material, whitih origmally hai I 
tn do wiilt rrspiraiion and the support and prntiximn of the animdr ctid of 
the di^csti^^c inbt^^ fins asMimcd by sl complicated aeries of makc^lii’fts very' 
diveire fimctmrui, micJi tu die j^uppiint of the vocal apparatus and the mitscu- 
Inr tnni^Tie, and the transmit!on of saiind waves to the iniemai ear. 

Inv^slin^ bones make up the roof af ^h^ shitL a fejdon in which scaitcly 
any cartilage drvdops in bony fishes and tetrapuls. Afung the mid-dE)ml 
Tcfpon, extending from the suprjuxxipital lo tlir extenial rLtres^ theti^ is a 















the 

double row of bimes c;oiiip«ieil of four paJrs. namely i inlfrpaJiV^^ifr, pfirte- 
\TonUth, aJitl nojuU ^Fig. 497)* The orbits are usuaUy lateral lo the 
fronUils. In front of each orbit may be a more medial ptfftatttfd ami a more 
lateral lacrirndt behind il a more medial poitlrontal and a mure lateral 
poitorbitid. 



Fronhal' 


MidAkllary 


I Eiftmal Marti 
PramvAitlaty 


Pr^frantal 


fartstql 
—PosrfFcmKil 
— P<iiSwbital 
4'^5yp*rtafI Temporal 

liiForldi* J Fosscfea 

SquamoiQj 
Epjploiygald 
“QutKtnrfe 
I'-'Quadrottjju^al 


Ju9fll 


Pip. 490. Stull nl Spk^Hi^dcs^^ Idt-ktcrol vkw, [a\flcE RryndldiO 


Thf ititerpariL-tills, occiirnDg in many estinci; groups^ are limited to one 
p^c^c^lt-d^y CliUiS, the miunmalB. in wbii h tliuy unite into a jmjtlc Bomcwh.-ii 
triaiipilar bone wbicb lies bet^vren the siiprunceipjtLii and the parictab, 
PsinciaJs, fmiitals, and nasats occur in nearly tdl bony vcrlebrattA, bat occa- 
sionally at least one pitlr hceomcjt rciluced^ by to a sin^ik median 

bone (Figs. 469 and 498)* Lacrimiilsj prcfrontals^ and postorbiinb arc lound 
in lo’i^eT Osiciditliycs, Stegtjcephalia, coiyltiaaiirs, and thcropsicb. In addi¬ 
tion prtfminab and pr;0iorbital3 arc cniimicni among modem reptili^s^ ^'iiile 
lacrimals occur cldefly in crorptltles^ birds, and mammsils. Pd^crrontals €xht 
ail separate bancs cudy in Sf^hi-ttodm amprirt tetrapods (Fig. 490)* 

AlllKiugb originally baiicT^ of the tbirsal surface, the jepiomaxiUurL-s 
(Fig. 498) iiHiJidly migrate into the nasal rarity to mnf over the organ of 
JacoliEon, an accessory ollactorjr or^^an in the ^eiiu^il part of tins cavity. 
These hones are found in nearly ah tetraptni^ except turtles, crucodilcs, 
birds, and most higficr maiTirnaU, gnnips m which Jacobson's organ Ls cither 
f30f>riy developed or nbseiiL In snakes and lUards [Fig. 6801 llic$c pans arc 
of corksiderahic 

The honei i^avmng ffVrr th^ pUrygoqumlmU form the ventK> 

hiteral part rd the tetraptid skiill and articulate dorsally wdth the lateral 
clcincnti of the cranial ruof. Beginning in llic mid-linc ax ihe Irani of the 
skull they arc: prfmitxillaTics, maxilliititt, jugnh, qufidralipfugidij and squa- 
mpiah. In higher groups dicsr parts arc frequently arranged in a single row 
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AftioAii- 


Cbiunafd 




Donlpry 


Bio^og)' vf f/i0 Vertebrates 

SupfOMgutc^^ 


Ttie lower jaw of an lilliptor, showing its comfjDncDl boncsL 
[From -Suj'lMt, Maituai fet Anatpmy, copyright by 

penniision of 'ITw: MacmilLm Company^ prtblUhcri^) 



HypohyaE 
Cerobhyof 
fios] bronchial [ 
HypobftjnchEol 1- 
BatibroncKkif D 
Hypohrondiial U' 
C^mfobrnnchial) 


Hycid Horn 


Horn 


Branchta? Horn I 
fimrichio] Hom 11 


Fig, Hvc^liranrhiiJ upparaius^ vtntral vlewp AVdiinfij », hog, 

c, Ikatrj, Ijitrttit. (fl* ttflcT Ihic' C* fiJtcf WtcJcara^uam,) 


(Fig^ j with the aqtiainosaU which covers the ilo™l part of the qiiadcate, 
slightly mciit? riotsal than the othrm, AXnmmals lack qiiatfruUi|ugali« Tlie 
sqiiamofial, pinbahly hfimc>|i.>goiifl with one of the Imnts of the fkh oper¬ 
culum, finally becomes the bone with which the lower jaw articulates in 
manintiiK 

The investing bones of the vetfind snrfiire of the skulU of lower vcfie- 
liratcs arc {rrevomers^ pfdattnes, pterygoids (endoptcrygoids), tmnspato- 
tines {rctop^ciygniffe), ami an tmpairrij ptfFosphenmd^ The parasphenoid^ 
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Sfylohynl 


Ctratohycl 
BcKJy \ 


EpiKyaf— 

Cara^Dhyd!' 


Tympoflohyah' 

Thyrohytil 


■TbyrokI 


Sfybbyal 
Tympan^ihyal 

A 


ArylenOtd 
-Cricoid 


Laryngfeal 

Cartilage! 


Fig. Tlyoiet Iwntist^ jiml of iht cat, Ai dcifsaJ ricwi 

Bt klL-side view,: {Alter Rcighsird and Jennin^} 



Mondlbulor Atcb ) 
(Splanchnic Arch 1)P 

Hyoid Arth I N. 
(SplarKhnIc Arch U}\ ^ 


Thyroid 

Cartilage 


Finns of For 

^MoElaus 

IncLPi 
Stopei 

^^otloid Pro^ss 
Styloid Proem 


Styldhyatd Ligament 
- AjifpiiOf Horn ’ 

^-^ — Body Hyoid Bone 

-^J^teriof Horn, 


Ftg. 4fl!k to show fate erf the aiticetiral ^plaochnic arches lit 

jjjsm, The arches are reprewmird li> thn arca.^ ihacled with parallel Ilqcs; 
ihc pnrts <ji them whirh pcrti^i In adiih mall aiv *!i+nvn in lilack. [Aiirr 
WicdmliniiTu) 


usually dosely applied to the canibj^e of the viaitra! aide of the nciiro- 
emnium, is well devdoptU in most fidirs (Fiiy* 491J and amphibians but 
fuses with tJic anterior Old oI the baaisphctioiti in reptiles and birth. In 
mammals the anterior end of the parasplienold lienimcs the i-turner (Fig- 
ijlXl), a bone of the ventral part ol the nasal septum, while the posterior end 
may form part of the pterygoid TTpifin. Prevomtra, found irt oil Irtnipods 
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Frontal FontantttiB 
FroritqJ 


Pa/klal— 

Occrpital 
RiNimtli 
Sqvcuna of 
Toitiporol 

Mas^ta^ol 
Fanta nolle 

Sapra occipital 
PetrOrnoftolci 

TymponkRing^ / 

Pfocftn 

496. A fcTat humaa skulL Doivariva of ihc fplucLclmarniiiimn arc 
ilujw» in hlick: invpiilMig iirnkudcd^ ivpkcirig bonirsp duUcdf 

/uiUimciJjci^ i:juuimuiicil. i After Ait^y.J 


SphanoKdal 
F^rilan«lle 

Alisphenoid 
Maxilla 

Medcel'i Cartibgfl 
Mandikb 

H^id 
-^Thyroid 

— Cricaid ctnd ArvtonoTdt 



—Premoxilbry 
"Exlofnal Nark 
Moxillmy 
Natal 
tacrimol 
"Prafroftkil 
Franfol 
Orfeit 
^Jugaf 


"Poitfrantal 
-FMfmhltaJ 
Fpiphyuiaf FoKjinaii 
Pciric>al 
Qoadrtifofupil 
SqttOfnOiaJ 
PofitpariBtal 
{Derma-Ooci|rHal} 


Tj^. 497, DuTKal virw of akuW of a tXrtylotausf. Stymouriit {Conodjtrla}. 
^[ After Williftmi.) 


except TttcUnTria.l5^ fuse ttilo ^ single it^cdicui bniic in turtles ond tnosi birds. 
Primarily *lic palatines, pter>'gnids, and tranapalailncs are assckdated with 
the median side of the pierygoquadratc- 

\Alicn the anteruxT rnd^ of tbe rligtsUvc iiiid rtstpiralory passages betome 
Axrparaied by the palate^ support for this horizontal partition h provided by 
four pair^ of bones : premaxillaries, masilbirirss palatini!^^ and p*en,'goids^ 
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Tlie pfcmaxillarics and majdllaries, while still jTiainin^ tiieir tSutira as tooih- 
bearing tipper jaw elements, icad out liorieonul palatine ptocty^ which 
meet in the mid-lme to foma the anterior pan of the hard pnltsie^ at sec¬ 
ond arj’ roof of the tnoulh. The pas tenor part of this region p upported hy 

both palatine anti pterj-goids in reptiles hut by the palatines alone in mam- 
niab+ In birds these parts remain so 
narrow that they fail to Join intu a 
tiard palate. 

The inventing boTtes f&vering 
or.vr ^atiSage vaiy In 

number from nine pairs In some 
Stegficcphalia down to the one pair 
of d(fniajies which make up the en- 
fire k>wcr of mammals. In the 
alHgarar (Fig, 49'i} fi\x pain are 
presentp cngulars^ suprmngutarst 
splenids^ and ii>rmoids in additifin 
to the looth'bcarinp denttiry. It will 
be remembered that the articiilnr 
bone, afeo present in the alligator's 
lower jaw, is of the repladng hpe. 
it h prohabk that in mammah the 
atignlnr bone, which does not con¬ 
tribute to the fommUon of the 
lower Jaw, becomes the exiftnid 
tympanic bon^ which forms the wall of the inner part of the external ear 
canal and supports the txtcrnut tympanic membrane^ popularly known as 
the “ear drum." 

The comparative anatomy of the principal skull hones is eummarized in 
Table Vm. 


^PreinDjdillafy 
k—.Moxillory 
fiT^-^Septornoxflbry 
/Knimm Hmk 

-iwgol 

-^Ditioryfa! 

'ParretoJ 

^OuadrutB 

■ Superior 
TAmpoml Foim 


' Sq uonrifMfll 
^ Boiiocdp^ml 

Fir. 4!J&, Dorsal view of skutl of rd^ajaiif. 
A IkiinL (Aiitt Reynolds.) 



FririflluN 

Pr*ffOrttoi” 

Orha^ 


FN»^a#bltal 

Sqvgrnosal 

Quodrotojugol 

Jugal 

Quadrcito 


Fir. LcFt-lalrral ricK a>r «kull nl j nrnle. (AfrtT SayTc^. J 
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Frgntnr 


P^rktaE 


Tornponai 


Oix^Galli of Etlimcsfct^ 

frontal Sinus 
Ncuol 

P«rp«ndTcvplar Fkate 
of Ethmoid 

Sphonotdal Slnm^ 
Vomer 
f’okitiTw 
Maxilla 


’'Qodpital 
Foroinen Mognum 
Pteryngotd Prooeu 


Fig. 500 . McdiiiQ jioctlon oF a Tmrnjin sItiil L (Alter SpAltehoIf.) 


5. Middk Ear Osskli:^ 

Thi! cvDluiiDtiary lilstoiy from ihc cartflagimms jaws of the dogfish to 
the middle car osaiclcs of mammals is quite as remarkable as that of the 
aortiiT loops or the urogenita] ducts. Primarily id gnatkostomeif or verte¬ 
brates with jaws, the articular region of the cartilagiiiouii lower jaw forms a 
mm able hinge-joint wilii the quadrntc region of the cartiiaginttna upper jaw 
fFig. 483.K A byomandibular, extending from the angle of the jawa to (he 
utic region, acts as the suspensnrlum of the jaws. 

VV'ith the appearance of Iwiic in the Ostcichthyes these three key regions 
ossify as the articular, quadrate, and hyomandihular bones. 

In the autostylic tetrapods the hycunandibular, no longer used to attach 
the jaws to the ncuroCTanium, is reduced in riate and cnckwcd m the iniddle 
raj caitiTy, In amphiliLois, rcptilra (Fig. 6941, and birtit it forms the 
iolumella auris which transmits vihratictis from the tympanic membrant 
lo Ihc ititema! ear. 

In mammaJs additional modifications take place. Two investing bones, 
die dentary of the lower jaw and the fqiiamfBal of the upper jaw, provide 
the joint between these regions. The articular and quadrate, in reduced 
hum, then move into the middle car cavity to become reacquainted with 
dicir old associate thr hyomandihulaf, or at least its faomnloguc. The articu¬ 
lar becomes the mfiUrur, or Aummer, and the quadrate becomes the incur. 
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or anvil, wkilc tlir hyomandibiilar gives Hsc to the TtafreSt or stirrups which 
is therefore the hotnologoe of part or ^ of the columella of other tetrapods. 
IhcTT h thm establ^ied a chain of three bones { Fig. 488 ]: the maJJeus, the 
"liaiidle” of whldi lies against the c.%tcimal tympanic rnembrane, articubte^ 
with the locus which in turn articulates with the stapes. The liist-named fits 
into the *‘oval whidow,” an opening leading into the cavity of the iiitcfnaJ 
car. It is note worthy thal iu rEiammah these parts are arranged in exaedy 
the 5amc order as their sdi^diiiin hcitnolognis, namely, articular of lower 
jaw', quadrate of upper jawv hyommidibular, and otic capsule- 

fi. TenijioraJ Fosae 

In die primitive Ostcichthyes, Stegoceplialia^ and cotyiDsaiiis (Fig. 497) 
the investing roof of the jikull has fi\ r opt^nings: a pair of extern ei 1 nan^, 
a pair of orbits, and a ringle median small pineal foramen. Behind the orbits 
the roof is complete and encloses a large tt^Triponii ipace on either side of 
the brain case. Large jaw tniLselcs occupy much of this, space hi the intat t 
atiimaL These skuJb, in which tl^c poatcriar part of die roof is complete, 
exhihk what is known as die anapbih {aUj without; apsid^ arch, loopj 
condition^ 

“ ' t^rkdol 

Supttfibr Temporal Fasia 
Sqt.fam«al 
Pa^tOi'brtaJ 

YnfflriDT TampomI fassa 
QuadrtiTa jugal 

Fi^. 50i. Schraianc pbn to shtwv Tcbtfcnshsp of icmpural fossae to 
nci^iboring bnnn on left ^idc of skuIL 

Ill some rcptilfs ^vo additional puts of opoiinga, in the pcBteriar part 
of the roof, arc pment (Fig. 5011. The more duml ntperivr t^rnpoTat foan 
ii usually bciinde^l by the parietal, squEunosal, and ptsiorbital. Ventral to 
I his opening is the mferior tfmpural fcaa vrhjch b usually surrounded by 
jmstDriiital, squamt^iial, quadratojngal, and jugal, 'rhU oiapsid type b found 
in Rhynchoce'pluviia f Fig. 490), Crocodilia, ptercsairre, dinosaurs and re¬ 
lated fn^ups believed ancestral to birds. Birds haw a inodiBrd diapsid type 
of iluiil. 

In thcrapsid reptiles only the inferior temporal fossa is present. This 
fivNAPsm eonditlon is ako found, in morlified form, in maxmliais and same 
of the higher thcrapsitb <n tvhirh the fossa extends as far dotsaHy as the 
parietal. When the postorbital disappeai^, the fossa becomes conlinuoits 
vsTth tlic orbit. 
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Uzartis fljid possibly some other reptile;:? have what [ippe^ir^ to be only 
thr superior temporal ftissa, thr pahaprid condition, alUioogb ihere is sdll 
considfmblc doubt ronccmitig iht relationships of iiie parts of tlie skull in 
these aminak 

Turrles (Fig, 499) are iinaprid but they are l>rii(r\Td to hiHit- acquired 
this condiciori secondarily as a result of the Eliing in of the foasae by cnlajj^e* 
trirnl of the individiMl bones. 

7, ViTtcbraie Skulls 

(li) CycliKtiiimes.—The skuli of f:>'ckTstome^ [Fig. .102] b quite aber¬ 
rant Imm that of nther vcriebnitcs, fn the onbryomc '"amniocoetes stogr"" 
of tlic parach^irdalia and trabecuhie ol the brain-ease floor are 

rvideiii and Jic^rmal, as wtU ;yi the otic capiiLo that RnTTound die ears, but a 
cariila^noiis envelope docs not entirely sumnmd the briiin, ^ince the roof vd 
die brain case k compkted iu fibrous coiuvecdve tksue^ while the absence of 



Fig. 50 ^. LjUeral virw df ikull ni P^trmfu'^n. Iwttiy Icfih: 3 , iirtniilir 
I'jwtllage; 3, witerfrir IMaI mrtiUge; 4, poiierkir khial ci^CliigiT 5, oESiiil 
cupNulr; ^ xuiditurv capsule; T| iduriuil pdctian. cf irul^ettjlJic: 8^ lafcrLtJ 
(iutiii lulndl c^ftilo^t; 9 + ImgiifLl cortiljiffi:; UV tiranchfut b^ct; I ti r^ni- 
l!ip[iTi4.iup ei-ip H{ppdirtTrH7 iirrLiiKitdiuia; i‘hialh dt niildchnrd^ antriior 
fin I rat Anrlm, fiiwd niicnhrf. ( Ffutn Stuplry ufid MiicBridr, dfirr 
Fmkn./ 

jawsr entirely changes die character of the anterinr part of (he skoU* Tlic 
skeletal stnirrtmes of the large tongue may pcmbly be homokj^^ous widi the 
low'cr jaws of fishes. At any rate the tongue bears rowing q>idt:rmal leeth 
and is bLbteial rn taigin like die kiwrr jaws. The loutilagihous dctnieiit.*v 
which fie anterior lo the inxigue and Fupfpon the jawlcis ujouth srem to be 
fieciiliar to [iyclostomcs. l*hcy are ob\4DUs1y necejssary adaptations on account 
tif die suctorial anil pararitk hahits uf these anlmak. Thr p^erinr part of 
the immium^ which ciuk abruptly with the otic capaulrai, is without any true 
(jccipilal region* 

Since in higher vrtf eh rates ihc occipital region is to f*e regarded as a 
derivative from the anierinr vertebrae of the spinal column, as the relation 
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of tlic crania] nen-'cs indicates, k could hardly Isc expected to be de^'eloped 
In animak ^hose skeletal am has not yet cmer;g€d from the notochordal 
stage. 

The skdTii'tal support for Ihe gilli hi cycln&t^jiiies is a cnritiniiniL; grJlJwork 
uf rurdbgr, mcire cxtcmal bi pusiiion than the spbnchnDCTauiLLin of other 
IkliOi iiiid not homologous v>ith it. 

! b I Ehisintibr^chs-—The typical caitilaginciLis Kkiill of clasmobranchs 
furnishes a mnrphological ptunt of depannre for the skulb of all other 
seitchratrs 2111 and 474). In these primitive fishes the neurocranhun 

is a continuous protective braba case. It is the result of dir fusion of eniJir>- 
oiik cartllaguiotis alrrady descriTtetL which may hr psiitiitlly 

calcified in some aduitn. llie spbncImociTuiinm is present in its per¬ 
fected form, bcjtig nowhere fused or iiitorporoicil with ibr neurocramuni. 
Thr ftisi arcli of tlir splanchnw^raniiim *cn'cs ns tmth upper and hiwer 
jn^vs and is abundantly supplied witli intcgimioital tcctlin Ptrhap thr 
fra Lure most pcmliar to die ebsmobranch skulls and least copied by suLsc- 
rpirril forms, h the development of a STif.nil in ihr form of toriral cartitagei 
that project iinTeriarly^ thus making the month ventral in position. In the 
tlasmohrariLJi Prisiis (Fig. 2f!u), the extended rostrum is auppUed on eiiliei: 
liktcral margin wixh sharp tcctli, whlcli it the name of 

[c) Ganoids,—I'he uansition trom a shiglc rartihginoiis sktiU to a 
thniblr skiill h ufTecteli hi ifrnupj wUith ciiariictcrij:& ir as a connecring 
link beiween she lower ftfihi-s and ilie higher vrrTehniiE. While an iniur 
cartilaginous capsule is retained unossilird amnnd the brain in the carii- 
].iipiifjU 5 ganoifls (Chonditsstei), therr h added to the out'ndc of it a iiany 
skull nf many parts, derived frfim dermal scales fFig^ 475), TTir bonrs in 
the skulls of cartilaginous ganoids are all of the investing T\-pi-:* and sintie 
they^ are very nuniiTous* their lifjmology wilh the Individ uni investing Ikiues 
fn the skulls nt higher forms is doulitfuL Thr iiumlHir of rlrmenis in the 
splinehnorrajIium is reduced stimewhat as compared with tlnit of closmo- 
hrmuhs. 

Tlic stiilJs of bony' ganDids I'Holtwtei) Imve two srts of bone^ investing 
^iTi Lhc outside and replacing on the inside, ihe laiicrr oc^ified from the 
cartilaginniis braki case. Much cartilage still remaijis^ however, after thr 
replacing hones appear, 

[d] Teleosls- Bony fishes t'xhiljii a great variety of skulls, all referable 
more or less iJirrc tly to the type characiemtic of bony ganoids. In the lower 
trlcosis considerable cartilage persists unoesified, hut in mmt cases the namr 
“tdeoat” (fell?, entire: ost, btmc1 is justified fFig. 4911, No other vertt- 
bntlrs ha^Tt as many bnttes as teleosls. 
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(e) Stc^occ^phaJs.—The problrmntical extinct Stegocephalb, some uf 
which had skulls over three feet in length, show a large mimher of bones, 
prnl>al)l> investing in cbaractcT, forming an extensii'c roof over a cnintum 
of ^"cry small capacity, for the njost part these bones fit cIceeJy togctficr, 
allowing only for restricted oriiital and nasal cavities, and auggesting the 
skull of ganoids rather than that of the amphibian type. The fact that 
cartilages are missing in fosails leaves much to be desired in ivorking out 
homologies. Between the parietiJ plates on die lop of the aktilJ is an inter- 
parifital forattirn, the window through which a third epipfiyseat gyt proh- 
abiv looked upward- There wlit ati aliundant occasion for these lowly tiicin- 
rters to look upward, at least iu an evolutkinaty sense. 

(/f Modern Ainphibiuns.^—Modem amphibians are cliarartcrizcd by 
much less cartilage in the skull and also by fewer hones than are foiiiul in 
skulls of the bony fishes. It is quite reasonable to suppesie that thej reprcscnl 
a separate, diverjjtnt, cvotutioiiary line, distinct from tliosc; of other tetrn- 
pods and of teleosts. although aj] may he referred to a cotumotl origin iu 
primitive bony fUhea. 

The restricted cranium bscjf, that honscs the brain, is somewhat tubular 
and elongated, estendins; far anlcrior l»etw«ii tile eyes wiUumJ any rnlcr- 
nrbital vcptiim. The cotEqsitUQiG width of the skull as well as the extensive 
horircmtol muulh-npt jiing, is largely due to ouiri;^cr bones which form the 
upper jaw and connect with ihr widened ethmoidal and olir regions. Of die 
few replacing bom's the exucdpttuU, Itraring the two condyles and the 
prodtlcs whidi make up the major part of the otic capsules, are the most 
eoQStimt. 'ITierc are tlo baai- or supraocctpilals, but the place of the latter is 
taken by- .1 band of cimnecdve tmuc, or a narrow cartilage, the teclum 
Tvnob'rMm, wliicJi jnins the two otic capsules togedier by a dorral bar 
(Fig- 4751- 

Uroticles show a greater parsimony of mner cartilaginous skull than the 
anunin.<, sbice the embryonic trabeculae never meet .and fuse, thus leaving 
this region of the skull, as iu die adult Acrfiiriu, without a cartilaginous 
floor. The quadrate and pterygoid are continuous, while die quadratojugal 
fuses with the squamusal, The parasphenoid of urodeles is a large flat in\'est- 
ing bone, sometimes bearing teeth, covering nearly the entire floor of the 
skull, whereas in aniiRins it is reduced to a pccnlbr T-shaped sirurmrc with 
the shaft painting ;mteriorly [Fig, 5031. llic parictals and frorUals aisft, 
which are separate in urmides, iiccome incorporated into pari^lo-froTildr 
in unuraiis. and Mill other hyphenated bones mark the pnigrcsive rimpllfica- 
lion of the amphibian skull. 

Little <if the original cartilage remaiiin hi the skull of the Icgicsa caecliians 
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(gymnophiona), but ihirre is more fiisioD of the investing bones ihain in 
raudaics^ maJ;lng a compact skull adapted to the subterranean life of these 
curious abcmmc animals- 
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F5|j^ 50!t* StuU of j frug, Rdna^ a, ddniJ vlw^ u, ’lenmu vxcw. (After 
Rc)no]d£,) 


[g) Reptiles.—CartUage largely disappears from the adult reptUian 
skull, persiistmg in Sf^htft&don and in lizardi to a greater c,vtent than m other 
modem reptiles. Investing hpne^ are more nufiieroiis tJian in amphibians 
while replacing ixmes are many and usually independent or unfused. 

Except in snakes^ the septum separates ibc two orbits uf the 

eyes^ in cnnKquence of which the brain does not extcjid as far anteriorly 
a.s in amphibians. Beiwcren the pterygoid and the maxillary an additionaJ 
honCt the or aclopterygoid, h added, greatly strengthening the 

jaw* Premaxilbries, which are usually united in adult reptile?, are rnihry- 
onically double, and the same is true of the parictals. MeckeVs cartilage h 
stuTounded by a full complement of inventing bones (Fig, 4S2J, 

In tunirs a false mof to ihe skull, formed by expanded pustcirbitals. 
parictaK and squamt&als» reminds one o( the ategocephals, for the entire 
rhdonial akuJl is except ion ally large in compa rison to the ai^c of the cndi^s«-d 
hrain (Fig. ABl)* A single median \TiiTicr and the parietakj which remain 
sep.tnitc. arc pri^scnt, but several bones that hr expected, such os tlir 

ijosak, cctoptcTy'gtiiils, and lacrinials, are ai3£em in lurtles. 

The jaws of snakes arc a dhdnrtive feature, smee they are capable of 
itjrat di-^teusinn^ rnabilfig theSiC aninialB without 1 he aid of hands to 5w:iIIow 
their relati^xly targe prey w^hole. Tlic two part^ of the Imver jaw are iiiit nnly 
IcHjsely joined to the cranium on cither sidE; in the mtnahlr quadrates, but 
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also HnierioHy united at tlicir cHsial eruls b>' an clas^tic Vif^amcnt, per- 
miltiijg their lateral stparatiou Ltj a ciunsjderahlr rxttnU E:u.h half of the 
uppiT jaw region of n movable cliain of foin^ Ixint^ rnmiely: 

quadrate, piengoid* palatine, and rtiaxHIstry^ The quadrate is attached 10 
the ptffiierkif pait oI die brain case in a hinge-joint, while the maxilliir^' is 
attafiied anteriorly in the same liishioti- The picrygold, and pdntmc do 
not form a ngitl hard palate but are moved as the ventral free end the 
quadrate is awintg back 2ind for din Thonigh Ihrm the niovemenls of the 
quadrate arc imparted to the niaxilLir^-. At the f?ame rime The lower jaw^ 
wdiich anitulates with the VTntral end of rite quadrate^ is also mnved laack 
and faith. With cath ba tic ward tnovcnicnt of the jaws the teeth, whicli are 
tipped pu^crinrly, hook into the prey and draw ii down the thmau 
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Hff. 504 . Jaw nirrhsimim af tIic ranltr»nakc, a, with nioath cliawd; 
H, with mmith apenn hy a. ceailrficibn ciJ the digastric mimJc the mouik 
U npeufdl: ui die laitir *nt*ihrt tniiuJc diAvrt ihr mfire upper jaw, 
liiJilted cm the qiiadnite tiud maxtiliiry, fomard: in eIua tmuinrf ilie fang 
II ffwuR:| out into itriycfl poddoiL [jVfter riilzhdiiaer.) 


In pobonoiis awakes tach fang is set in a. sockri in thr comspondinp 
maxlHary. As the £t]akc prepares to strike, it opens its mouth and nicivts the 
chain of upper jaw bjnes forward^ thus swinging the fang out into striking 
piadtinn I Fig. 504]. By tnnving the upper jaw dements pocncriorly the snake 
returns its farigs to the resting po^idim within the mouth cavity. 

in ooeodik^ and lis^rds the two parts of the Insver jaw are jfssneci in 
front by siiturcsj hut in turtles Unry are fused intu one srolid mandible. The 
fonnalinn of an cKtcmivr hard palate^ n> which the ma;\illae, palatines, and 
pterygoids all take part, in the case of alhgatots and eirKCKlJlcs canscs the 
pcAterior opening of the fkmnfi nn either side to be puslird back so far dowi; 
ihe rbmat that ihese animaU are aWc to drown their prey without being 
drowned themseKxs. This Icat is arcompLbhcd by the aid of a cunain-like 
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rrtum that ^huis off ilic poatcrior cipcningp of tiie nostrife (choanal!} hum 
Itic aurroimdini; water, ibm rnabling tlir reptile to breathe througt the 
cliDtiniil paf&!igc-way with the tip of the snout cml of water, while the ntouth 
is kept submcrgeiJ until the struggling prey within, held fast by ilic cotiiral 
teeth, is drowned (Hg* 350). 

(A) Birds. —hi birds the ino^ characteristic feature of the skull Hke 
ihai of the entire ikclcLnn,. is tlic ellmiiiatiorT of everi' hit of Ijone lhai ean 
oe spared iVig- 503). Comparrd with rcpdlis. fmrn which hinh arosc^ a 
typical axim skull h more spherical and rcx>mier. The nebiiivdy eiiormatia 
size of the eyes, logetber %vith Uie 
well-dcvclupcd intcmriiital sepltmi. 
tends to restrict the brain to ihcr pos-^ 
tcriar part^ while Oie ear-cnpeules on 
cither aide are more deeply ctu-' 
bedded than in reptilian skulls. 

Notwithstanding the fact tlciL 
typical iKiinrSi both replacing 
and investing, are dfeiingufeiLahk in 
the embry^o. they become welded to^ 
grthcr in the adult by tlie early 
closure of the sutures into aji almost 
coutinuoijs capffule of banc, whidi is 
irmarkably strong and protective in 
spite of its lightness and ike paucity 
of bony material employed. 

The ry^omiitiC b letiuecd to 
a slender bar, the poilfmntals dkap- 
peaTi and the premaxillafiet^ maxil^ 
larirs^ pdlalini^s, and pierygoidi are 
so narrowed that they fad to pin 
into a hard pabte- d’hc Lightlies ol 
the skull is lurtliemiofe enhanced by 
the pncumaticity of the bonot, chameterisde of the entire skeleton, and also 
by (he sulistttutinn of a bamy beak iti place of heavy teeth M-t m the jaw's. 
Only in the intcrorbital septum and in the ethmoid region does cartibgi: 
persist* 

Remains of the investing panu-phenoid fuse with the replacing basi- 
sphen{)id to form a iinjcjur, forward-projecting iphtJUfidal rostrtim aloni; the 
thr enmium. The single ixTipital mndyk im the barirK cipital botic 
iuniliir to that in reptiles, allowing grnit freedom of mmement to the 
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bird's head. With rhe roiatlon forward of ihe condyle, alon^ with ihe shift 
in pDsiiion of the foi^amen magnum,, these iwo iandmarb appear at the 
veiitrnl baic of the skull instead of at the posterior aspect of il. This change, 
u'JiJtih is asscHiiated tvilh the scnii-erect posture birds, 
modifies tire manner in which tiic skull is carried by the 
vertebral column. 

The quadrate has a freely movable artkulatiun with the 
sttnll, so that the lower jaw has a double joint with the skull 
ji in the li/ards ,ind snakes. Many bircb have a movable 
joint iKlwcen the upper jaw and Lhe skull which enables 
them to raise the upper jaw withimt at t!tc same lime carry¬ 
ing the cranium with it (Fig. 506), an unusual perform¬ 
ance for a vertclmite. Thr ciirious hyoid apparatus of the wofwipcckers (Fig. 
236 ,1 exhihits another peculiar modification of the bird's skull in connection 
with the mechanical withdrawal of the CMcnded longue. 

The orhiLs of the cyi-s arc close together, separalcd only by a thin septiun 
wiihoui any intervening part of the brain between them. It h difficult to 
imagine how mon-strous a human sktill would lie if, like that of a bird, each 
orbit were as eapaeinns as the entire crania! cavity. 

(f ^ Mammals, with spreial reference |ii man.—The skull bonca of the 
primltis-e monotnmics are highly specialized on account of their beaklike 
mouth parts and lire early fiiaion uf hones which obliterates the (julHiies of 
the componrnt parts. 

tl may be said of the mammalian sluifl in general that the splanchno- 
cranium Isccoiiics more rompktety incorporated widt the nnirocranium 
than in any other class of vrrtebrHtes. Wilb the process of cranial expansion 
In accommodate the increasing size of the brain. Uiem is 3 shortening of the 
jaws, while the rctrcatuig face bones become ntorr and morr ovenhadowed 
by the upi>vartj-lmlging cranium until, in primates at lea'O, ihey arc ventral 
to the cranium In pmhion rather than anterior to it. Ttus evolutionary 
tendency is made dear when 00 c compares the skull of a deer with that of 
3 mull frig. 507j, 

.'\lthtjugh there is considemhie fusioji of bones in the Tnammalian skull, 
the JHitiircs usually remain quite distinct, except iti old age when thr>- are 
apt to Income nhlitcniled. When of iJic rip-zagtype (Fig. 423 1 . fomicd h\ 
the dnvf-tailing of the hones tnjn-ther ctJRC to edge, die sulnteS make an 
Eruirrlocki]!^ jriint aimo^t ils firm luair. 

In man, svlih the .wnmpiimi uf cren posture associated with ihc bipedal 
habit, thr foramen ningnurn and surfaces for arlkuladon with the first icrte- 
hm have shifted to j posiiinn iHiicuth the skull iti.'^tead of m the pojti^rioT 
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end fPig, .'it)?). The hinnan crbits h^vc sJso mli^aced forward to po^iiions 
clcise together on either side of tlie misal regioTi where botli eyes niay he 
directed forward* thtia permitting binoculAT visaoti* V'et as far as the actuaJ 
bones are concerned the humari skull is built according to the same general 
plan as arc ihc skulls of most manimalsH In man, Ueiwever, more than In 
mm\ other niammab^ groups of embryonic bone±i tend to fuse together to 
form hi}nc romplrscs. The total ^ 
nimiber of sepamic bemes in the 
adult skull is ihm reduced to 22 
plus the i pairs of middle ear 
bones already described. 

The tK;<;iprrAj_ ^Figs. 487 
and .500} is laid dovvn as five 
separate parts* Four of ibesr 
make up the replacing ring 
around die foratiien magnum 
rompoaed of the ban&c£ipital^ 
the two exa(:cipitiil:s^ and the ven¬ 
tral part of the supra(ti:€ipUi:t. 

The filth h the investing dorsal 
hall [d the zfiuprarxicjpical which 
?>omelimes remains separate as 
thr jff/erpi'jrrV/^, a condition 
commonly found in other main- 
nial^* In man It is also known as 
liic tnra fcutte (Fig. 508 \ lor thr 
reason that k has been often 
found in the skutU of ilic ubc- 
Hginal fnc^is uf Prm, The suiut^ 
af M\ieridoSa {Fig, 5091 ♦ betw cen 



F^. 507^ Sn^^rtal db^ms througli ilte ikuUi: 

A, A KihfTnartder; b, deerj c* tiaboQU; jnd 
Ti* mnn. [Tt^c Indicate .in evalminaui) 

rimugic hi tlie rcbdocL of due exirxtmt iio^- 
opening and the /ur/i«jen majgiiiiin.] : Much- 
fled ftoiu Wiedewhcini.) 


the tw^<i parts of the human supraocdpiul, ordinarily ihsappcai^ ahoul the 
thitd letal month. 'Hit other pnits fuse between the fourili and sixth years. 
By die twenty-fifth year the occipital uniics wiih the sphenoid bunc at their 
basal regions, thrir only point of contact-^ On the exorripital porttons^ alung- 
side the foramen magnum, is a pair of 0 C£ipiiitl ^^ndyifs w^hirh articulate 
With the at1a5i. 

The !;rnE>:on> Itemc, the base of which b immcdUtely iinterior to die 
basioccipittj region, is made iip of at least eight embryonic parts. The ban- 
r^Aeftoid and the presphenoid rorni the mrdiau body of the bone. The two 
•ilisphenoidi become the great wingt (Fig,. 4ft?) while the two orhiio^phe- 
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Tioidj tKicomcf ihi€ inndl wings^ The two inv^ing^ pterygoids attach to the 
regions of function of the body and die great win^ ns the pterygoid proc- 

tffjtfj. All of these parts hnve fnsed together 
by the end of the first year. On the inner 
surfai^ of the basisphenoid portkm there 
h a deep depression, the seltu furrir^ or 
“Tiiri^s Saddle*” which is a conspicuous 
landmark on the Itisidc of the mammalia!! 
skull and in which h cmdlcd The do™ ward- 
projecting hypophysis of the brain. Just 
antcriuT to the sella turckn therie b a traiw- 
vej^ grtvivc in which lies the optk ckiarma 
where fijjcrs of tlir optic nert'es cross frfun 
oJtr side to die other. Rtidosed wtihiti the 
luidy of the sphenoid k a pair of sphmoidal mr miusvs (Fiif. StKl)^ separated 
from one another by a bony scpEiifix Each opens into the postcro-doi^iat 
part uf the corrcapomiiiig nasal cavity. 



n^. 50tk PLjiijram of the back of 
^ ^kull, ihtmiiLg thtT prcikcrac ol 
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Fix- 509* Tlir hiiAC ef «in turiiiitV ikull before I lie Fuslchil of dir w'rlpital 
bofiK The Jiiturif of ^paTAtei due Luv»iinf Jind MpUcIng 

pGrti(;Tnj rtF ite lUfir^rwrrfjntaL 


The £THS 40 [D. a thin delicate bone Ij^ing in fninl pf die sphennid* forms 
the ciorul pan of the naiial scptniii as well as p^rtUim of the lattral walls 
of the naioJ iras-tlas (Figs, -Kif), +B7^ and 5f)0). It is composed of three 
repbeing bones, a mrsethmoul and two nciethmaids. whiirh unite ahoul the 
twelfth m fificrnth mtmlh, The mesethmoid is lomposed of {]) the per- 
pendiculat plttlfr, part nf the tia'sa] septum, (2) the erhta gatiL an upward 








Hie Skeleton 


piT)jc£:tinfi into the bmin cavity in the sainc plane a? the prrptnciiciilar pJattt 
and (“<) a pnnioti ol the cribriform pt^e, which lies at rij^liL ajtcFfea m the 
other two parts and fomts a part id Uie roof iif the na^al cavities. The 
crihriftirm plate {crihrum, siev’e; issci caJltd bccaitee it h perforatrd likr thr 
top of a pepper-lioK for the passage of the bnishlitic ollactory nervts. 

Lug baft from the pauilie^ of seiisoiy' epithdiiim in the nasal chambers. 
The multiplicity of foramina for the olfactory ncr^'ts is peculiarly mam¬ 
malian, although in Orni/A^rAyncAuj there is ontv a singir pair of olfactory^ 
foramina whUc the Cetacea, which have npparcutly cniirely lo&i the sense 
of midlj have rm cJihrifotm perforatiutis. Each ectethmoid contribiues xi> 
the cribrifomi plate and makes up part of the wall fjctwccn a nasal cavity 
and the corresponding orbit. It h trompo^^d of I hint spf^ng^ bone rjielosiiig 
large cavities, ethmoidal rcth, which open mto the adjacent nasal cavity. 
Tlit^ crfisi are sometimes known collecti\eiy as the ethmoidal sinus* Each of 
the ectfiiiiiuiids gira rise to two turbinah {tonchar) which txiftid diago¬ 
nally down from its medial Wnill [ Figs, 4flft and fi77 )* 

The vitMTifcAL NA.^At coNCHAf., oiic of whxcli Is on the lateral wall of 
curb nasal easity' ventral to the ih-o ethmoidal conchaej ossify as separate 
btiries iri the lateral walls of the cartilaginoius rtasal capstile^. They do not 
fuse with die oUier bones of the nasal walL In many mammals tiicre arc 
chibordte tiirbiiial horicSt iti extensive, delicate 

scroll almoist filling tlic nasal cavities. They pm^idc nrlditional stirfacc for 
warming and moistening' air a.'^ it through on its way to Hie hni^, 

as well as providing for cxim olfaetory cpithidJnm. 

The voarKR, or “plouqlidiiiie/^ a thin bone fonning the pnstcrei-ventral 
part of the nasal st’ptum f I'ij^. 500 lirj between die ethmoid arul sphrnoid 
ahove and the hard palate belovw Tltbi bone is hoimilDgous with the atitrririr 
end of the parasphenoid of lower verTebrates and not with their paired 
prevcimers. The oiiterbr part of the na^aJ septs im rcmrisn.s rartilaginonS- 

The fARiFTALS, which form much of the dorsal Jtnd lateral walLv nf ihr 
brain are ordinarily separated throughout life by a sagittal satuTC frorrs 
which hiiA been derived die name sagitttd planr, applied to the plane divid¬ 
ing a bilaterally symmeiriral animal into right titid left hnlvcfli. 

The FBONTAT. forms the forehead, anterior part of tlie c:rariia1 roof, roof 
of rhe orbiht, and pan of the roof □£ the nasal enridesp Until about the 
eighth year ihE bone consists of a pair of bmes separated by the metopic 
sumre (Fig. 310). In mmi mammals the two frontals remain separate 
thmnglioiil life* In the median pan ol tlic fnjtiul bone is a pair nf /rpji/uf 
dauses (Figs, 500 and 51 I \ t-rpaniied by a tamy septum, whidi com¬ 
municate with the nasal tavides Immediately ventral to them. Bony om- 
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gTOvvtbi of Iht fnmuJ hotiCA give riac to Ihc {>;ilrc;d homs ol ungulates as 
described in Chapter X. 



Rg. 510 , The iJcul) ol » yoxmg 
ilaiwms thr m^ftttpk mluti 
^puratiii^ ihr twu part» oI the 
fruatjJ bone. 



51L Left-side vintf 
of l^al pflrt of humnn 
ittilj^ witli pint ol upper 

juw cut airtray to 

ATiimm fif ifjghmoTt flpd 
itAfi fif fnint^l Tciiiuved tr» 
iliiTM' fritnlal iinm 


ITie NASALS, iying in Lhe anterior part of the roof of the nasiil cavity, 
impfHirt fhn hridge of the iinac, tiic shayK of which is dcicrmiiicij largely 
by the size and shape of these bones (Ftgs. 46*Ji Slli, and 513). 



Fk|^. 512 . The IfesJhk eartl- 

bgrUiHift etriT»«iiia {dntted; cif 
the pnijctting purt of the 
hiunfui rtoiei sudt view trom 
ihr ri^hrs n, Itonl ™w. {Alter 
Ge]SEuLhAiif4 



Fljg. 5 ti, *Tlir extcmnl 
woAe vprks ftriking-J)^ iu 
thr it)tc« of iu amhitre- 
mre,*" tAlicr Gatlup,] 


Earli of tlu^ tJ^csiHAi.s (Jig- 511) fouim part of thr incdkl wall of ihe 
orbit anterior to the clhuinid. The antcrinr part of the bonr bears a vertical 
lacrimal groove through which the lacmnal (fear) duet leads bio the nasal 
cavity. Mammalian laLrimiilji may be homiilogoiiii with the prtfrnnrals of 
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reptiles which they resemble mnre thari they da the so-called '^lacrimals” 
of the latter. 

The which are the Largest of the fare bones Jo man, nnl only 

bear teeth and ser^T as iippcr but they also extend inwanT forming 
a part of the hard palate m the itiof of the nioutlu E^ch is hollowed out 
hy a targe irregular sinus, the untrifm of Highmef^ i Fig, 51 J )i whirh com- 
iijuuiratcs with the nasal cavit>'. Into the ventral side of the antruiu projeci 
the bony capsules vvhidi surmimd the ivot^ of at least the fiist two molar 
teeth. If the shins is partlciilady Urge, all five mnlariffinn ircth, and even 
the incisors, may be represented here. Occasionally the actujd roots of ihe 
teeth may be exposed in the cavity. Like all the other air siuuses of the skuhp 
the LUitnjTti fe litsed with fmicoiiii metnbrane and in the case of man h one of 
the happy hunting grounds of bacteria. 

Each maxilla is compo^d of a small premarXiHary, into which die ind- 
sof teeTh are setj and a maMllary bearing all <if ihr other teeth. Premaxi]- 
larles are njdimenlary or wanting in bats and some edeniaics. The pre- 
maxIlLaries and maxillaries are independent in most mainiuals, at least 
during early life. In man^ however* the fusioi] occur before birth. 

TTic apparent absence of premaxiUaries (or int^rma^laries. as they are 
sometimes designated) was formerly held to be a distiiiguiahmg skekUil 
mark nf human kind. Jt is inTeroting to rccaLI that the poct-biolugist Coclhe 
discovered their presence in man and wixite hilariDusly in 17B4 to his friend 
Herder; “Nacli Ankituiig de* Evangelii muss jeh Djch auk riligsie mit 
riuem Clilek bdtanriT niachcn^ das mir zugestossoi tst; kh habc gefunden— 
weder Gold uoch SilIxT, aber was mir unsagJiehc Freud macht^ das os 
inJurrmajillare am MenH^then.” (Accorditig m the gospel method I must Irt 
you tnow in all haste of a lucky thing that has befallefi me. 1 have dis¬ 
covered—not gold nor 5iK=^ri but what gives me unspeakable joy, the cs 
fii/^md:rt£f£ire of man.) 

The fVCrAt^ [^vt^MATTCS or WALJuts fif human anatomy ) form the 
or "‘cheek twines,” by Connecting with processes from the 
squaiun&al partvof ilie temporals and from the maxillarici anteriorly (Fjgs> 
469 and 496)* Each contributes to the fioor of the nrhii. 

The i^Ai AiisEs (Fig. 509L lyingimmediaicty behind the maxJIbe, form 
the posterior part of the hard palate a;s well as ^ding processes into the 
walls ijf the orbits and the nasal caritits- 

Each TEMPORAL (Fig- 496) ronM£t.s of four regions, namely, the squama, 
the prhromastoidT the t^mpanu riiig, and the styloid prixess. The squamn. 
ar h tJic stiifoewhat ciiciilar thin antciTMlo™! part which rorre- 

spemds w ith the squamosal of other maitimals„ In most of which it remains a 
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srparattf: bone. On the squamosal is the manJibuIar fosia into wbieh the 
t:ciriclyle of the lower jaw fiis, llie petwmastoi{i^ or pfjstefD-raedial 

to ttie squama, h a Uiiek region conc^ning the internal ciur and most of the 
middle car cavity with Itij three auditoTy ossU ciLs^uiiSTed hi section 5. ft b 
formed iliieily by tlie fluxion of the three otic bones—/>rwh'e, opuihodc^ and 

igffioik —vilucJi are laid dow^n in die orig¬ 
inal ode capsule, fn the p^^ 2 ^ttrin^ pan of 
the petromastoid are the celts^ 

tpares wliidt eotiimnnicatc, through n 
cotnmoti passage-way, w i(b the middle car 
cavity (Fig. ol-l). 

Included in the temporal assembly 
then: arc not ntily the out bones, middlC’* 
ear l^mcs, and squamosaJ, hot also a 
ringlike fragment, the iympanic ting, 
surrounding the external nudilary tcnal 
aiTo^ die iirricr end of which the lym- 
pajiic Tnembrane is stretched. This amall bony element ia probably the 
Itoniulogue of the angular hone from the lower jaw of other veilebratcs. 
Atiarhcd to the pciromasljQid medial to the external auditory canal is die 
stylidd process^ a remnant of iht hyoid art h, wiiidi probably represents the 
tympanohyab from die anterior bom of the byoid arch of many manrmab 
(Fig, 4&4Jr 

During devclapment flat skull bones grow^ om fmm renters of ossifica¬ 
tion, like spreading ripples from a pebble tliiTjwii into -a quiet pond, widi 
the result that when ihr advancing edges of three or more enlarging bones 
meet, a small unijssificd atcii is temyjorjuily caught betwetm rhem. Such 
ati open area iiS called a sw named by some imaeinatTve pioneer 

of ^mainmy liecaLt^ the throhbiiig of the bkxid vessek faintly vislHe at such 
regions in ihe inf an Is skull suggested a ‘Hiiitc ffumtain.” In man at least 
six fciutimellc!^ aremrid the parictsd Iwncs, arc prcscnl at liirth [Fig, 496); 
fiTM, a large diamijnd-sbajjed fronlctl f&nldnetk on the top of the head 
between Ihe frontab and the parietah, which iksnally dme^ at>t>ut the end 
of the second vear; ^ondi the oedpitai fojiianfUr^ iriangulax in shape and 
lying between the m-cipital and the parietal bune^, dial dose* at the end of 
a few motitbsr third, a pair of small iphenoiital ftmtandUs, which arc 
formed on cither side of the skull by the union of the fmiitab parietal, 
irmporal, and sphenoidjd bones ; and fourth, Uic fnaiimdd fpninneUri. likr- 
wbe small and paired* that occupy die posieriur spare l>ciween the parietal, 
tcmpi^rak and occipital bones. 



Fig. 514^^ A tcrcticQi ibmnj^h the 
mattnid ^hniviiig the ipun^y 

ehiiractcr uf iJic trtuiL 




^iomctimcs tuiy suturfd^ or bones occur as extra elemcnUi be- 

live™ ihc LiMiaJ They arc fvjuud masi otten In the tambdmdid suturej 

between 5 upraocdpiLal and pirietih^ but may also occur in fnntuiicllea. 

In childbirth the fontanciles are doubilcss an sidxipiatiqii of ^eai prac¬ 
tical value, enahlinf^ the Uirgc-hcaded iiilaut lo etnerge into the world 
throu^ a romparati^xly namjiv gatewavv since ibc rranial honch^ as yet 
sijiiirele!^^ can tcniporarily slip past each other at the edges without injury 
U) the soft brjhi within. Jigu Hippnemtes pohited out Lhiii it is rjuitc 

possible, if die head has become somcwliat misshapen in tht' priKes.^ of 
childbirth, to mold the cnsjiium back into conwntional coiuours without 
injury, aiminsl ai If tlie braiu were day in the pnttrrV Itaiuls. 

Certain primitive races, like the Flathead {tidians of North America anti 
the nubility amon^ aneient I^eruvkns, seized upon this possibility of $fiapm|; 
the pL'istic s^kiiEt of the iirwly-bom infant in nnier to acquire a coiLspkuou:^ 
}md distinctive form of the head which, if not an improvement on nattiix, 
at least had the quality of leiidiiig to its possessor a mark that $et him apart 
from ordinary people iu 4 sort of plastic anatomical arisiocracy of hi^ own 
[Fig,515j, 



Fi|z. 313b Miinrivrcii ikull dcforniAlian (tntcing IVnmnn lindiimaL 

Tbc late Dr. Louis R- Sullivan of the Department of Bthiiolog^' in the 
American Ma^m ol Natural Hiiiory in New York kindly gave penribsioTl 
to quote the (allowing inlormaiioa concerning head deformatiort in North 
America. “The study of physical typo is complicated by the widespread 
ddornutlon of the head. In some cases it is unintentMinat, being prxidiicTci 
by the hard pillows and cradlehoarcb used. In many instancfs. luiwcver, the 
he.id haji liceii. intentionally defonned by mechanical devices, TIm: two prin- 
cjpal types of artilidal deformution are the fnintO'Occipital llattening [ Fig. 
51G) and the Aymara conical distortion (Fig. 517). There arc various 
subtypes of each of these dcforinations, Tlie custom was prcvioualy wide- 
spread, being tecorded in one form and iuwuher frtun Africa, iMalay, Philip¬ 
pines. France, Scaniliiiavia, and -Asia Minor, ft is becoming less common in 
America at thr present lime. In some tribes the entire population practiced 
deformation wliile in others it was confinctj to one sex «r even to the chiefs 
akmc. lovestigatitm has shown that it docs not affect the mriital ability of 
the subject and that it is ui>t iraiiscniltcd.*' 
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On n{;count of ihe Incrtajsing size of the mammalian brain sei'eral ol tin: 
cranial bones shift from their originaf position. This is particularly true oi 
the cetacean skull, where the parietal bones arc divorced fioin each other 



516. F rouia-oc* 

ripiliil fiiittming of 
tht hiull of A oimh’ 
wf^i roajl iudko, 
(Oytlmc from pKf^- 
ttjgriiph T/22 I 7?p 
Afnrr. Muk tif K^t. 
Hist.J 



Si 7* Ayinar2L or 
mnloil ciitfoirnaTinn 
dat tdj bnTidiigcB. Per¬ 
uvian Indium. (Ou]- 
line frdJii pli^Jto^rT:;iph 
99''3513. Aincr. Mul. 
of NjiL Hist ] 


and flkoved over to ain extreme latrnti posirirm (Fig. 5l8)j ^hilc the 
-inpraoccipitiil extends forward between them far as the Ironcais^ 

mstldiij^ up nifjsE cjf the roof of the skull The maxillarics, mcanwliile, j^mh 
haek posteriorly and fomi it ennaitierabk pan of the rranium^ invading the 
terriforj' onhnariSy ore u pied by the fmntak, which now become squeezed 
Tiamowl) between the backward-extending maxillae ant! the fonvard-pujh- 
ittg sijpraocdpita]. 

'the HANnurr., or lower jaw^ b formed by the urutm of two looih- 
l)caring dentaiy bunc^. It hears a pair of c&ndyt^i which articulate with the 
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mindihubr fossae of the temporal bones. .Alihouj^h in most mammals the 
tivo Sides are separate they f itsc info one solid piece in bais, pcrissiidactyk, 
iuid primates. 

Since iting before the time when Samsf^n slew a thousand Philistines 
With the jawbone of an ass. the mandible has in many ways been an out- 
^landing bufie of mterc^. Excepi for tlie tiny middle ear it is die 
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only mammalian skull bone that has an in dependent moveriient of its own. 
Ill man it has gone a tong wayy in adjustmciii tu dmighig eciitditinns, from 
its cart ilapinous pmtoh jJ^' still surviving in the dogfish. At no time in its 
histoTy' luts there been any cessation in funcdou. although upright posture 
and the resulting Sibrratinn of the houds^ logrther widi the ellemhiatr 
modem days of soft rcxiktd food, havT made it no longer imperative for the 
jawbone to serve as a nutcracker and IxinroTjnrhrr. in some monkeys and 
apes the lower jaw' may moke up as mucli m forty per cent of the Intal 
weigliT of theskulb but in rrnadem mao it falls to t(^ than fifteen per cent. 
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ITieiie h doubt ihai its ^Jden age of effiritney is paat and now Li is 
timied to dthcr toecs. Imtead of being cinployed as a means of terrifying 
enemies by Uie IrlghlfuJ gnashing cif bared teeth, k hiis b^rotoc a pail of 
the skdctal framew'ork lor the display of smiling [liendlinirsi Jtnd persuitsive 
diploTTiaey. 

In tlii! infant brffjte the i.ecdi have forced Uie lower jaw Lt> cnlargeT the 
chin slupcji backward yfig. 519 )p Long before puberty it pushes forward 
until the aimie it forms with tfie lower jaw- is not lar from a right angle. In 
adijh Life the chin prufecta forwaj-d, until finally w old age, wdili die Uiss of 
teeth and thr n^rption of the alveoli, jt projecbi at almost an acute angle* 
"Hiese !iiitcess4\T changes which an individual passes through during a life¬ 
time arc strikinHly paralleled [rt the evolutionar>* aitergence of Uir Itumau 
raccL^ as shown in Figure 52lK "ITir chiiilr*^ jaw' of the gorilla is follqwed by 
the ahnex^t equally i:huili:ss jaiv of the Heidelberg man i^nd that, in turn, by 
ttie right-ajirfed clun of tlie Sf^y man from Neandertliiil duy^j to finally 
sufMtracdcd by thr proiectiiig chin of miHlmi tran. in which there h 
stsinding umrti for teeth but a greater space withm Iqr the attachment of 
muscles concerned with speech. 

Vin, THE L<JC()Mfnf>R SKELETON 

L The Ncccsrty for Animal Locomotion 

Attention has already beeti c:d]ed in a general way to the necisity for 
loeomotioti among animals a* contrasted with plants. 

The essential difference iH^iwccn plants and animals with reference in 
loromotion is that green plant^i hy the aid of chlorophyll, which makes diem 
green, are able to imprison the sun's energy by biiihling up itiltj organic 
fcKKk inorganic tcimpnunds that are imivcisally dhtrihuted. In coriAcqucnre 
they tvastc no energy in Icjccsiuntjon and have a generous supply of food 
available for growth and reprodueriou a* well as a surplus for atiimab* 
.Animais, mi the i nninify. wnthout the AladdinV lump of rhlorophyll, must 
seek their food d i rectiv or iiKliicctty* and usually with locomi>ior cflart, 
wherever plants liave made it OLherwtM: they perish. 

The chemical el mien ts iicunmon to 4 il| protoplasm, and thcrcfnrt the 
food of both animaU and plants, are wdl-nigh uni verbal in distribution in 
the furni of carbon dioxide in the air. water, and x-arious salts and sitl> 
stances in the soil (Fig. 521), w hile sunlight, thr primal ^urte of all mrrgy 
possc^d hy orgarusm 5 of any and evrrv kind, shines alike upon both plants 
and animals. Since, however, plants alone ean utilize ihe stinlight in tnirw^- 
forming rhrsc elcmeim into food, and aincr they can do this in a stationary 
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Hg. 52L TTic *"AI:iddiu*i lainp" tjf uhlf^n^phyll. 


position, thfV do noi taetd id move si bout for their daily breads while plants 
ilcpcjidcni aiiimiil# do. 

2* Evolution of Luchino tor Devier^ 

Before skeletal muscles and loeoiiiDlor levers were arrival at rn verte¬ 
brates^ many other tie vices for accompliiihing motion and locDmutkai were 
tried out, more or less succcsjfuitys m the aniiuut Idrigdom. 













Biology of the Yeriebratcs 

Thr inherent contnict2ity of protoplasm is demonstratet! even by the 
modfit psoudupods nf Atnee/ta. In the mjcitKK'opic uiri’V'cisc of a drop of 
water other kinds of protijzoidi'i a ho are seen to ha^t speeded up Uieir 
moiTmcnts by employing cilia and Such structures are still retained 

among higher forms to produce mutioti e^'en when they are no longer avuil- 
iiMc in lixomotintt, as for CTiample, riUa bringing food particles Into die 
ItuHet of a sedentary clam, or removing particles from the respiratory pas¬ 
sages of air-breathing anlmah. 

*rhc iictrihatir fiydfit, as flrscrilwd us early as 1744 in the remarkable 
Mfnwires of Tremblay, pioneer observer and expefime liter with LUUputinn 
life, gaily prngrearea along the under aide of ll»c surface film of water by the 
mriliod of turning wmeisauftB (Fig. 522). Writhing worms and wiggling 
vertebrates of one kind or another HU in anothrr chapter in the story uf 
locomotor es'ointion, but It was when vertebrates emerged from water to 
land, and kven in the Form of legs came upon the scene, thul the greatest 
advance in locomotiun w'as inltiutcd. Once out of water animals could no 
lurigcT go forward fm-fashion by lateral tuihitnikes, for the air is not a suffi- 
dently dense medium to niakc surh strokes effective. 



Fii;. 522. Acnibaifc I/ydta trawiliii^ qn b suifBce Atm of waicr. 

(AfiM Tnembtay,) 

Constderahle time elapsed during die transilioit front w,iter to land 
before the lateral leg? of primithc land vcrtebraies assumed a vertical posi- 
rion utidemead) the body, and sufFiciciit sifcngth and stabllitv were oevd- 
oped to laire the body off the gtnund. Even tlmi elongated animals, like 
stbnianJen anrf alligators, frn rsample, made tifdr attempt io bear the 
weight of the body on die legs. Since there apperidugcs extend remirwhal 
lateralty. like oars from a boa', they were iiserl principally to push the 
ununal along, wiih the weight of the body resting on the ground | Fig. 523). 
.After the wrighi-bearing fureiStiw finally became esLihlishcd, nature tried 
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many txperimcntB with locomotor levers all the way frotn the crawling 
plantigrade foot of amphibiaxisT reptiles, and less specialized orders of mam- 
mala (Fi^. 570 and 573), to that of tlic wonderfully specialized horse, 
which stands stilted Oft the tips of single digits, oftc at die end of each leg 
(Fig. 524). 



523, A wUinandcr show¬ 
ing wcjIc lateral Icgt which 
push the body along wiihwt 
liftiTig it off the groiioJ- (Alter 
Murat.) 



Fig. 524. The tin- 
gvEigiade loot o( a 
horse. 


3, Kinds of Appendage 

VertebRitt locotootor appendages, which arc fewer and lea speelaliaed 
than those uf iDvertebrales, may be paired of unpaired. Tile laiEer sort, con* 
fined to water pJiiitialfi, are ibe mon: primitive, taking the form of mtdiatt 
/bu, which -are cither continuous as In amphioitus, or broken up into 
separate dvrsd^ caudal, and veRtral fins (Fig. 14), as in Eshes, 

In addition to median fitia fishes normally han: two pairs of paired fins, 
namely, peciard and peime, which arc homologous wiUi the locomotor 
appendages of land vertebrates. 

Since paired fins take no pan in bearing the weight of the body, stip 
ported ns U b by the water mediimi, they are not placed in the same key 
positions as are the legs ed a quadruped, 
but Instead may appear on the sides of the 
body at widely varying points in diflerent 
species. Vk'ith the tariksl development of a 
neck in land animals the pectoral append¬ 
ages tendcii lo shift backward, but in fishes 
particularly, die pelvic appendages are apt 
to move forward from the normal portion. 



Fig. S25. OitiUfic of i 

the hind legs (pelvic iini] 
of whi^ih arc in front of tbc fnrnr 
kgi (pcctoi;it IIiih]* 


In a case sj extreme ^ that of the cod^ 

Gadus^ the pelvic fins became placed even anterior to the pectoral fms. 
that b to say, the “hind legs” of a codfish arc in front of its “front Ices” 
(Fig. 525). 
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Both the unpairrti and the paired fiiis of fishes are uscti primarily eitlier 
fur propulsion or -to prevent lomion of the anijml on its hiig^ axis and to 
steer it, Fmpiibion is usually taken care of hy the caudal fin as part of the 
powerful tail. None of the vorlebrates has more than two sets of paired 
appendat^, while several liavc only one, for csaniplr, whales and sea cows 
with only peelorals, and tlial famous winglcfs New Zealand bird Apteryx, 
which jxrssoji^cs only the nidimcnts of a wmg skeleton. A few viTtchratcs^ 
notaMy snakes, caccifiaus^ and legtejia lizarrk, belt Lipprn(bgje.s uf any kind, 
akhnndi stitnc snakes, pythons for eaimiple, have rudiments of the pelvic 
appeiiduf'es, 

4. (Origin of the Girdles and Ap[H'uilages 

Cnnrcming (he origin of paired fins, the lorerunncn of -all vertebrate 
appcuila^'es, the two most prominent theories have been Gegrnhaur’s gilt- 
ffTfh theory, whit'h now seems to have too little evidence to supprirt it, and 
Thathi-r’s fin-feid theo/ry, which fris in with the known facts of enibryojogy 
and palacuntology as well as of compaiative anatomy. According to the 
latter theory there was a median unp:tired fold extending from the head 
along the entire length of the dorsal side of the animal, around the tip of ihe 
tail, and forw'ard as far as the anus < Fig, 14), In addiiimi, along the ventro¬ 
lateral regions of tlie trunk there wsis a pair of folds, converging po8tcrit}rlv, 
which may or may not have m« at the Ics'cl of tlie anus and have Joined the 
vcjiiral part of the impaired fold at iliat point. From this primitiw plan, 

I lie set of indi vidual fins, both paired and unpaired, may be derived by 
the dropping out of some portions and tlie increased dcvclopmcnl of 
others. 

The embryonic development of one of the peh-ic fins of a dogfish, which 
more or less paraliets the evotuiion of paired appendages according to the 
fin-ftJd tlicory, may be diviilcd into a aeries of ariiitrary at.igcs that pass 
rontinnously from one inlo tlie next. 'ITicsc stages are; \ [) epidermal ridge; 
(3) fin fold; (3) mcsenchyinaf mvasion; (4) muscic-bud penetration; 
;5) cartilage formation: (6) conceniraiinu; (7) concrescence; and (8J 
tin inn. 

First ,m epidemat rtdge appears as a narrow, longhtidina] dr vatiott, fre- 
quendy extending over many more segments than will participate in the 
fijnttatiitti of (be fin. In some rLasmobranclui such a vcntm'kicral ridge 
develops alone ihc emirtr length of the tnmk iHg. 52G), 

In the anterior and poalcrior pnniotB of the ridge region large fin foids 
of the body wall appear. From these folds, pectoral and peli^c fins, respec¬ 
tively, will dewinp, while the middle section of the ridge will disairpcar. 
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Afesmehyttiitl inittfian of llir fold b aion followed by musde-bud 
trathn during which one or two bneb grow into the fold froni eadi myotofne 
adjacent to tJiis region. 



Tie- 52l&, Ehfjbr}T> af ilw Hoidi^h Scytltum, (hntving myotRnict ^eitding 
OL4 iimscTc'huda ^oiig ojitlrc traiifc [Alter Goodtieli.) 


Bet^voen muscle luids £aTtitdgi* formj^twn, thmugli the activity 

of mas!Tichymal cellsp takes pliMie* giving rise ta marv or less parallel rov^3 
of elongate fadietl cartiitigei (Fig. 5'27 At approximately the same time, a 
roncenirallort, or cmwditlg of structures, in the base of the fin ocrure due to 
the failure of this basal region to keep pace, in Its growth, with the rest of 
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Radiak 



Fig- 527- DJ^gramf srtnwjti| Ihtils i^tirdle* by the cantrninitioij^ 

xiibifin^ off, und fiukn uf rattlLigeg, f Alttr HyuLniiin mil TlLifiitr.) 


the fin and with the body prupcf. It is believed that In the conise of evolu- 
iinn a toncrgscence, or fusion, of the crowded basal portions of the primitive 
radiab gai'* rise to the large b(^at In devdopmrnr these three 

fitages arc telescoped together* histead of following one after ihc other, so 
that by die time the procartilagiiKius stage is reached Uiere is a cantiiiuaiM 
basal mass from which e?ctchd out finger-like processes hi which the mdiak 
will develop 1 Fig. 528]* 

Up Lu this pciint the development of thr median fin^ paralirk rather 
clesely that of the paired fins^ as might be expected if aU of the^ appendages 
nrc but localized enlargements of orte continuous sv-stcin. The basalia of the 
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median fi™* cJHcnd into the body to come in contact with the vertebral 
column with which, they articulate pemvanentlj. The baitalia of the paired 
Qtia, in the ahsenec of other hard skektaj parts in the ventral re^on of the 
liody, undergo further modification. The most anterior basal enbrges and 
extends into the ventral body wall until it meets the corresponding part of 
the opposite side with which it /ubcs. .^\s a result of the Hn/tm of these tw; 
basals a transverse bar, a primitive girdlcj is laid down (Fig, 527). 


23 


Fig. 52S. Pclvdc fin xff a Sr^Uiuin Bnibry* iligkdy ddar dian tital 
ihitwn m S2E MufcSc-tMjtli air shawrli id out- 

Hiic except over radial lU [Mtcr GDodnub.] 

5. Hcimolo^ and H^daptation 

The pHJTcd appendages of vaiebratcs abo\T the fishes ire all built cut 
the same plan, that is, of the same sequence of bones. This consists typically 
of » tripod of hnnes known as the which h iniermcdiatc bclween the 

appendage and ihc bnekhonei a large shaftlitc bone^ called either the 
kumerus or fetnuff according to whether It occurs in the anterior or the 
posterior pair of appendages; two long bones aide by aide, the rmlruj and 
or the Hbltz anti pbuia rcspcctiwly; a complcic of several small Ixincs^ 
making the wrist or anfje; a set of five long^ilendcr bones, forming the pdm 
or the S 4 ^le; and lasriy, ai the dp of cadv of Lbe palm or sole bones, two, 
three* or mon: small cylindrical bones, placed end to end, known ns the 
digits or phalanges^ For a diagrammatir- representadon of this sequeoc.e of 
tion» in the appendages of a land vertebrate, see Figure 529* 

The prinetpa] joints or landjofuirks of the locomotor skeleton in mim are 
indkraicd In Figuir 530, 

Fach bone of any appendage has its cotintcrpart not only In the append* 
afie on the opposite aidc^ but abo in the appendage in front of, or behind 
it, as the ease may be* Tlit rimlbrity freon side to side is spoken of as 
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bilnterd komehgy^ while afiiero-pofstcrior concspondejicc of parta k rjiUcd 
serial homology. 

Not only may homtilogy the bnm^ that Jnak€ up the locomoior 

appendages of a single individual be ratablisSied inttr le, hut the leg or arm 
1 mii» nf one vertebrate may be honiologized with diose uf pin entirely litffer- 
eni species of quite utillk^ c^ilemal aspect. For example, each bcinr in the 
flipper of a wfiale or a iiieal, as well as iti the wing of a bird^ or eveu in the 
foreleg of a horse or a dog, has its homologue m the hirnmn arm. 



-Scapvb; Ilium 
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fig- 3M. Diagrain showing the 
hciinolnpcs nj trnehmtc appead- 
In Nich hvbcl die Hist- 
nimied dement it that of the 
imtcfior Appendaer- the sceond- 
named, oJ ihc posterior append- 
iifiC. 



fig. 530« The pLTmeitmJ 
lojidniuxtf o| the Inco- 
rnoo^r sitdclon. tAftcr 

HaiiIc.) 


jVhhoMgh fundaitirniaJly alike^ vertebrate appendages exhibit a great 
ilivcrsity, which hi afisodated yriih the wide niiigi: of function that they 
perfciTTO. Climbing trees, burrow log iu the griiuiid, xwinini ing in w“atcr, 
junipmg, flying, ninning, standing, striking, Ufiing, and grasping ihings* as 
well as nmny other kinds of actitily^ call for particnlir modrficatiDns of 
the 
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6. Thr C<>mparaK]V4! .\natomy of Gbntila 

(rfi) GirtiJes in E^cccp^ing in els^smobranchs^ the girdleSf or 

mtcmicdiar)" bones between ihr body and the liinJbg^ are originally made up 
of three bones ctii either side i Fig, 52^^)* which mcui in the foTm of a tripod 
at a ccunmon point where the free Ikjih anicubtes. The tiipk chsiractcr of 
tlic prdlcs is ijccn in reptiles^ especblly in some extinct fussil 

forms, rather than in mammals where drastic mixlifieatioiis Lakrn 

place, 

in the peciorid^ or tsnUnar girdU, there ti^iially no articular eoimec- 
tion with ihe main axial ^kdeton. The girdle h bted to thr antrrinr part of 
the thoracic basket b>' means of ligaments and muscles. It may atriciijate 
with Lhr steitmm* ais lor instance in man, but nevrj" willi the backlK>iie 
except in rays :iiid in i ertaui pteroKnire. 

The pel lie t or posterior j^irdle, on the coiitrarji\ except in fishes, always 
articulates with the backhrute^ through the medium of the "saiTal ribs" 
(Fig. 44li)* TTib dUfemitc tn lUtarhment gives a greater range of motJDii 
to the pectoral appendages and a Ikmct s^upporl to tJic pelvic appendages^ 
whic;!^ in many eases, particularly in bipeds^ bear iht grci^ttr weight nf the 
body. 

Tile three pirdlc bones of each pectoral appendage occupy positions of 
serial hiiinology with resiiert to die girdle bones of tlic pelvic appendage-'c 
Thus, one [laiie, rspectist^ly the seapuU or the iViiini, extends ddTS,J|yi 
another, the procoracoid or the pubis, is placed atitero-y-enlnilly; and a 
third, the Ciir4re>id or the irchium^ pofllrrovcntrally, 

ilic artiriibr cup for the front leg at the jimctioi] of the threre pectoral 
giidlc tiones is called the j^lenoid catnl\\ while the correiponding articular 
fossa on the pelvic girdle for the reception of ihr hind Leg by reason of iUt 
hollow shape has been named the acetabidiim, or *'vinegar cup.*^ 

Although at first tiiodebil m cartilage^ all of Lhcsc ginlle parts after¬ 
wards i>cconie replaced by huiie. Thcy^ i here fore, beltin g I ti ihc eaiegnry of 
replacing bones, simibr t43 those of The inner skull. 'Fhen^ arc, Iiowcver, 
certain atlditifinaJ tMniew of invesLEng cluiracter in the pectoml girdle of 
fishes^ a* well as iit other tTnehnnes including raiint which pm in their 
appearance withrmt preliminary blue prints in cardlage* The principal iuie 
ijf these Is the ehricle, which is siihstiiuicii for, or takes q\tt the work of, 
the prmofaroiih The fact that it is tint st transformed procoracoid but, 
instead, a nrw fiune of entirrly different origin, h dcinorif^tratrc! by the 
pectoral girdle of die Eumpean load liomhiniSiat fFig; S31), m which the 
proi uracoid and ihr rluvicle sire 1v>ih found preseni at thr same time. 
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T^i 5 , 53L llic prclnral (cirdlc nbd ^tfrniuui of j Euj^fe 9 .n 
nuSQf^ tic davicle UlUIii^ (Itc pkcc of tlic proctJiracoid- Tlic loft 

liSufir^Mcnpiilkir and (in Uie nght-hiind portion of the 

lij^urr) me in uaLuml poatlimi^ tlif^ ffghl atin» harhx bcoi swung voolnUiy. 

[/i1 Pel™ Gkdlo. — UtilUtje iht pectoral gntJk tlie pdvir ginllr bait 
nodiitig rorrc^ndiiig to iht tlioradc biihhM\ ^itJi which to becortic 
Jt is coni.-iimcd solely with tts liocsk-up to the vcncbrnl cdIoitiil Like its pec- 
houiobguc it Cfmsfeb' typically oi three part?f^ a dmiein^ the 

fliici two ventoil cleineut^, of which the puhts h anterior and the 
isfhhim posterior, forniliig iripods on either side for the artirolntlon of the 
hind legs L Fig. 521* J, All three pairs of pelvk giidlc bonea 4 re replacing in 



Flf^. 532 * £vT>Tudoj] of ihe peJ^'ic drdte In fbhc!i. ^ a. fuss] I fztiimn- 
briiiUL'Iu P7i?mncdJirAui^ h, u j^Ciptfsjer; a madfnTi 

dnj^pli, Sijmfuv. and s. aher C<ir>dricL} 
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chamctCTp ThcLr ij-pkal reiatlnn to each nther and Ip tlu: backbone under- 
(joes Eonie striking modifier Lions in the vertebrate series. 

The pelvic girdle in fehi-is, when present is simpltj ag would be 
c:5cpcctcd, sfTVTiig tncnrJy as a support for the pelvic fins ^vithout makini; 
^:orJn^dt^on with Lhd axial skeleton. In etafimobmlichs and cartilaginoiis 
gaiKiidi it is 4 flat centmi bar ol cartilage (Fig, 532c)^ the origiii of whicli 
is suggested by a fcfssii elasmobrancli (Fig, 532 a)^ as well as 

by Adfifnier^ a ehoniJrtistran 1 Fig. 532 b in which two enlarged cautflagi- 
nous plates approach each other on the ventjul side of the body without 

uniting, bi tlic HolocephaJi ihe two parts 
do not fuse but arc i:onnretcd by a liga¬ 
ment, and each beius an iliac process ex- 
lending dorsahy from the region of fin 
attachment. 

The Dipnoi^ as represented by Proto- 
pterux tFig. 533), have a median ventral 
cartiilaginous pJalt of bilatcTiiJ 

Dfigm imiTig as the pchic girdlct wiUi 
SIX procis^ extending fmm It. 

Sicgoi^ephalians {Fig. 534), pionem 
among walking tetnipods, pmsessed a 
broad isehio-pubic plate simiiar to that of 
the dipne^an^, but composed of two pair^ 
of hones, the Large rfirAiff that replaced 
tliC cartilage in ilie pusterior region of the pbie and smaller puhex in the 
.interior part. In each pubis was a amall ptihk foramen through w'htrh the 
oUtut.tlur nerve passed. Two Mrparate di^Ir bones, which replaced the iliac 
processes, extended dorsally to rt;ich the vertebral column. 

Urodclts, m commim wltlv most modem amphibiahave bony ilia arsd 
isckia but cartilaginoiis pnhei, 'I'hr ilia reach tlic single sacral x'oilebra 
(except in PfoScus and Ampbiuma which have degenerate tund join¬ 
ing it by means of a pair of small inlemtcdlate parts known as socml tibi 
( Fig. 535)* Pubic firramina arc abo present. 

In some TJTodelfs, lor example Cr}p(&branchns, llierc appears, in thc: 
midventral linca atha, an incicpcnilctu V-$hapcd ypsilstid catiilag^ that Con¬ 
ner ts Becondorily with the pehir. girdle. 

.\]though considerable modification of the pelvic idrdk takes place in 
most aniirans due to their hoppbg and jumping mcthcKk of IcKromoticui^ 
the African toad, Xenopus (Fig. 536 )| shows a gctirraliKcd pch4c girdle 
with thirr pali> nf contributing bones all typically ossified Ernm cartilaginous 



Hfi. 533. Ventral view of the pcl^ 
vie girifie ul Pfai^pifTFUSu i After 
Wiedrraheim. J 
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Fig. .*>^4,. Vrntitil of iHe pelvic girdJt of a. Atcgcip:ph[i limn, 
(Micr Williutm.) 
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Vpf ilold Curtilage 


A a 

fV3fk Pelvic gtrdtc of a Babtnnrtdcrt EhumHiig sjicnil Hb, 

Ap vcniml view; % Jcft-latcrol vkw. The cartlhige ii ^tted. f After 
TEViedenheim,) 


fnrerunneR, and. in addition, the yp^Uoid cartibgc* vvhicfi in tliis case h ni>c 
hitkrd bul spalwblc m $hape. 

In the frpg lianti^ howev-cr* the three jKiirs ot ptl^ic dements form a 
U-aliapcd structure that connects the jumping legs with the single sacraf 
^r^tcb^l (Fig. 438). Ilm and ischia are Iwny* while the fmbts are composed 
of calcified rartilagc. The lees are artittilaied on rithrr side of a round 
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difii:, which h niadr up of component from aU ihr^e pelvic dements so 
welded logether ihac rhe pubic foramen is oblittraccd entirely. From this 
dbe -^rini^ upward pair of s.word!ike fjstcnsbiw, the ilia^ thai reach the 
vertebral f.aliimii which teeters up and dowm suspended between their lip, 
thus ahjn>rbuig Jij part the shocks that woutd oihcrwMw: reach thr brail 
when the jumping frog liinds. 

Ptfblc fommsfi 



Rg. 53ft. Pcls'ic girdle ol Mricfln Fi*. 537, VirnTtai vkw of pelvic girdle of 
Iwk Sph^'.fiifdfrn^ diqwing LsK;hiopitbic feresrra or 

ihcLm,} roramcTL- i After Wktkniiciin. ] 


In reptiles all of tJie pelvic hones are well dr\Tloped and distinct. In 
many there is » Rynxph>’si3, or imian, of both pubic and hduac bones alang 
the tnidventml line ohbough frequently a large open space, the ischio-fmbk 
feneilra, de\idops on either side between the pubis and ischiuin resulting 
usually in a complete separatiun of pubic and ischiae sjmphjSfs (Fig. 537). 
In croccMlilrs only an ischiac symphyijis orcuis, the pubic bones rcmaiiung 
slightly scp.^ratcd (Fig. 53H j. 

pubic hifjuiieii petaisLi in Sphenodfin, the plesiofsaurs. and Iizan^s: but 
in turtles and rn>:odilcs it combines with the fschio-pulnc fenestra into a 
ciimmon opening separated from its. mate on either side by a mcdiiin liga¬ 
ment, and is then (rrmed the obtuTator fpramen {forantfn obturatwm). 

In crocodiles the pubis does not panic!pate in the formation of thr. 
arttcuJxir tup, or ufnSfihiilatn, for the attachment of the hind leg, Tliis cup i* 
perforated hy an acftabular fftrnmen m rmrodiles, birds, and monotremes, 
but not in mammals gincrally. Irhthyosains. wfikh used tticir tpll* in 
swimming, as well a* retacciUB and sirenians that have no use for hind 
legs, are characterized by a girally reduced pchis since loiromotion is not 
drpcudc-rtt upon it. 

Among the Irgtew snaics the pythons aUinc retain a trace of the pelvic 
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1-1^. Pflvir ftf M ^niuig Alligitt^. A, vcntr^il vi£w; tcft- 

blcial view, (After WledcnJidm.) 



Fig. 335L Veiii^Eil hlnil timhx of a p)'t;hcici^ a, vrnfml view of surface 
uf bddy. ihowhig daws; ikeleloit, sJlnvring mdiincMory ^ppa$dzg?rf. 

(Ff^rirl Nral and Randi Cnrnp^t^im mpyiight hj per- 

missimi of P, Ekkixtou's Sou jntl CEjthpaii)', pulilbliCTE. Alter Komimci^ 

Rirdle, TcmMlsccni of the remote past when the anceiot^ of snakes waiketf 

fFig, 53fi). 

Dinosauis amnn^ the reptiles of the past gave pmplieey of the txiodlfica> 
lions whieb charwieriKc the pelvic girdles of birds. For eitample. the girdle 
of the fossil reptije Sttfgataums fPIg. 540) shows a spreading fan-shaped 
ilium, a long Ischium extending poslciiorly without a symphysis, and a hack- 
ward-projeetitig pubis on either side that runs parallel to the ischium instead 
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oi mccdiig antcrjofly and vcntrally in a pubic symphysis. The plate of a 
typical puhis iix sopie instances ti partly filled by an antcrint prepubic 
process. 



Kg. 540. Pchic girdle nl J^clt'klcnjl view. (After 

Mcxicm birds c?ccmphfy all af these features, with the ilium cnfimiouidy 
expanded and brtju^E tn contact with majiy vertebrae. The prepubic 
processes are reduced or absent (Fig- 541)* Iti the embryo of the bird the 
pubic bones at first extend transverse]y^ approaching each other as If a 



fliQ-Scfotic Ferarn«fi 
r^tediium 


F<j**d V*ft»bfw 


Fig. 54L I^fr-blrr^il virw oF privic idrdle and .‘i^rruni of n daek^ Anai^ 
dm wing ictluccd prcpiibu: (pectinealj proceas. [ After Reynoldi.) 

symphysis or jiinetion Vk-ert tn lulbw ( Fig. 542), but by the time the athdt 
condition La reached, they have spread apart and come to project backwtird, 
as in Stwgomurm^ thus aUow4ng for an unobstructed pa^gt of large eggs 
with breakable tTalcareotis sbelb. Long before the expeditiuns to Mongolia 
that unearthed the famous dirKtsaur egg^ now rcpcising in the .Ajucrirari 
Miiseuiti of Natural History in New York City, the spreading ptifatc bones 
of these fossil reptilian giant* made it pjssible to gT.im with rea-wnahle cer- 
lalnty that in their day and generation they bid siirahlc eggs with calcareous 
shells. 
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The primitive character of the earliest IchotiVti bird, Afchai^t^f^terpt, h 
dearly ^hcrwri by m small pcKic girdle boiics with distinct suttues between 
dxttii and by Ltic presejitie of nn uiiblrdlike pubic symphysis (Fig. 543]^ as 
well as by the fact that the ilia ccraneet vvidj only 
ax vertebrae, instead of the lar^gcr number char* 
jirterislic <jf ntodc;rn birds. The only other bird 
with £t .symphysis pubis Is the Afritaii p^irich^ 

SirnihWj w'hild an isLhiac symphysis occurs only 
in the South American ostrich^ Ithea^ in which 
the symphysis lies dorsal to the digestive tract. 

In mammals generally the three embryonis: 
bonc^ on dlhcr ado of tlic pelvic girdle fuse to- 
geLhcr to form the iiitigle iVinufitfnd^e bom (Fig. 

Wheie ihe iiuiominate bones of the two 
sides meet vfmtrally, die rnortotTrtnj^ marsupials, 
many Ttxleim, inscetivorto, luignlales, and cami- 
veins have a $}^fihysls ischtaiifum^ as well as a symphysis pitbis, hut in pri- 
fnaicAj while the piibie hones unite in a sympby'shw the ischia separate, form- 
rng two posterior skeletal projections that support tticMttiug aiiimaL it would 



FiR. JH2. I^eft-side view 
die pelvk girdle ol m em- 
brvi* ^li'd diuwbiR di^; nxil- 
urjl poAitlodi of I he ptiblfi 
hefoDC m b^cLivanJ migm^ 
tk)n. I After Mehncrt.) 



Fir. M3. Ohlique view, firsm ilir Erft and pcBtrrInr, uf thf^ pelvic girdle 
flnif r.ttmifii of Arfh^fitplrryx^ laivncL Uriloinnii,' 

be extremely awkward for a enw, even if so minded^ to "sdt dow^ii^ upon 
the single sharp ridge funtitd by the fusion of the two Ischia. The large 
obtUTiiktT f&ramfnt formed hy the union ol pubic and iadiio-pubic openings, 
is closed hy a strung connectivc^ussuc membrane except for a small paa^gc* 
irtuy, at its anterior enti^ through which the obturator nertx and bloud 
vessels pass. 
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Fij!+ 51*1. Inrn!!!- mrfiiLfi of tlie bone of a child of eight 

(Alter Mojrii.) 


TAni.E rx 



a tfj b 

e to d 


(2,7 cm 

1L2 cm 

f 

t4.3 cm 

12.7 ttti 


The large faji-slinpcd ilium of man artirulatcs, at an caMhapcil mn^u- 
lav surfiic^f with Uie satinim formed from five sacral \trri:ebrac and their 



fetlor ^\v\c uprrtitfLL liVficr Ciumiiig- 

hainn) 


ribs. Thr two itinoniinaie bones, to¬ 
gether with the sacrum and coccyx, 
himi ilte pelvii^ a somewliai funnel- 
shaped basin with a Urge anterior 
opening and a smalltr posterior one. 
Thirough this bony halo must pass 
e\'cry mammal that is normally bom 
into the world. In the female, the atn 
terior parts of liie ilia have a greater 
^irrad lhaji jn thr male, giving ^ a 
n^ult not only a shallower pelvic basin 
but brwder hips. iTterc arc also d3^ 
tinguishablr 5cxiia] differmn^ in the 


posterior opening, which for obvious reasons is rekiively larger in the female 
than in thf male. Rauber gives the av^OTige compajamc dimmsions in man 
shown in Tabic fX^ in which the Utiei^ refer lo Figiin: 543, 

The human pelvic i?triUt fa for many reasons pcrliupti the most chafacier- 
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isiic and distinctKT part of the hiimao skeleton, rccortling as it d«es drastk 
aiiaptaiions as the result of upriglu posture. Its triple composition is ap- 
parent embr^ologicallv for it is not until aixml the time of puberty that the 
three clcmeuis on either side become completely fused irUi die ionomtiiiate 
hnues, which together with the Mic.rum and coccyx ol the vcrtchrai column 
make up the pelvis. A fimt, bony bowl immovably attached to the vertebral 
is thiLS formed in a pcBition that not only providca atuidunent for the 
lei^ but fll'W auppurt* the \-Ucera. 

The spread of the iliac portion of the pelvis is greater atiiuug liighrr races 
[hiut amuiig primitive ptxiples, and in t^iuidrupeds, where the weight of llic 
vtRcra dota nut Iwrar so directly on the pelvis, the iliac Ixmes are narrower 
and do not flare so far apitrt. 



-Sacro'lllciC L3^amenh 

.-Somim 


rur .w Disit-nim ihn^ifUf the 'laeram o* □ Uytumr whirh. -kliLcni^i 
i,™de down. Tirt«thrlf^ hmodoEi* a* such by ccawii of the flCTUMi 
thr Jji^svuicnJji, sifitic the ^oicr ibi: altf]f>r, tnt 

niOTc tbe lUiic mid to pinrh tognhen tJmi hnldhig the ut 

pliiLif. [Af(er Mirytr,] 

Tlie curving heads of the two fermiR form, with the muaminaie bona, 
pan of an arch w-hich is coraplrttd alun-e try tire saemm as a keystone (t ig. 
4-17), which resembles a wedgp upside tkiwn. On ttus .irrh the weight of 
the entire body is supported. Tire faults of this mechanical ruritsiiy, as 
pointed our by Meyer, are con«:tcd by mentis of roTO/tur U?iamettis that 
exlrnd from the sacrum to the upper edge of the ilium {l^ig. 546), 'A'hen 
die weight of the bodv presses down upn the sacrum it pulls upon these 
liRamcntt with the result that the iliac bone pinch togrlher like a vise, ^ux 
Indding the uf^ldc-down key'stnoe firmly in its place. The greater the waght 
the mniie firmly the sac rum is held. 

Moiiotrtmcs and marsupials liave an iiddstional pair of pelvic replacing 
Iwincs, called marrupnif fctinej, the ori^n of which is imknowt>. It has Ireen 
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suggested dial tlicy may br iransformfd gasirfiih, ur abdominal ribs. Tht 
fact that, unlike the abdnrrnnal ribs of reptiles* they are replacing instearl 
uf investing bunrs ia mt lavuralilc to tliis fiupprjj^ition. Furthennorc, no trai c 

of them is found in placental mammals. .M- 
thoogh tiicy arc doubtless useful in support¬ 
ing the ptitich of the female marsupial, thrt' 
are not primarily utilized for that purpose, 
since they are equally well developed in both 
scura, ^Vhatever pan they may play for their 
possessors, they are dcliniEely of sm-icc to 
the cumparath'c anatomist in enabling him 
to difidiigubth the skclctcm of a maisupla] 
from that of a, placental mammal. 

The ocetnbulaT, or eolylotJ, hone, jm 
aildltinnal small bony element w'hich enters 
into the formation of the acetabulttm in mammals (with the exception of 
monoircincs, rodrjits, and bats). nEsifies laicr than the otlier component parte 
of ihc pelvic girdle i Fjg. 5471. 

(ct Pectoral Girdle.—The pectoral girdle has evoI^Td further fmm the 
primithe set-up :md is somewhat more Complkated than the pelvic girJlt, 
ncit only because of iu scccttidary rclatiotis W'ith the stent iim and compara¬ 
tive freedom from thr backbone, but also because itivKsting as well as replac¬ 
ing Ijonis take part in its formation. 

It has its rise m tlie Imvrr aquatic sTnebrates, just posterior lo the region 
weakened by the pcrforailnm: of the gill slits, ifence the need for supple¬ 
mentary investing bono al this point was much greater than in the region 
(if the pclvnr girdle. 

scnliHil anchorage to ihc stemiim of the f'fjfu.tVffi, wfiirh in mari'are 
involved in providhlg an adequate suppml for thr arms, is such that inlcr- 
fetenre with the frre respiratory movements of the ribs is, largely removed. 

fiince there arc no gudJes of any kind either m ampfaiciKiis or the cyrln- 
stomes, the point of rvTjulionary deponuir for the pectoraJ cirdle. as for so 
many ryther anatontiraJ features, is found in the clnsmobratich fishes, where 
a horecshoc-shaped bar of cartilage with its points extending upwanis 
dorsally hooks under the “thmat" jirsi posterior to the gill arches. On cither 
sidr of this inverted arch the paired pcrctoral fins articulate about midway 
fmm the tip to the ventral ptiinl of juncticJn. Tlie part above the attachment 
of the fin on either side f Fig. 54B} is the rcn/iu/nr procesi, while that below, 
which joins the two halves of the arrh ^-entnilly, is the coracofd bar. In 
skates and raw, but not in dogfishes and sharky the dorsal end of the 



S47i Prlvii: jfinllr oF a clvtL 
caij rfcrrrxi^ fhoi^Tiiir the jacirtPib’ 
nliiTi C1T f:i>l'yh>EUi bi^d^ (E'^ftcr 
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scapular regJm^ay articulate vrith the vertebral cdumD, thereby establish¬ 
ing connceiion with the axial skeleton, an niiusual condition among verte¬ 
brates. 



Scapular Pyoew 


paw »□ 


^topterygium 
Radio Ua 


Fi|f* 548, Dofica! view nF pectCFfal girdle and riglit tjf 
thias^ the spiny dogflsh. 


The pectomi girdle of ganoidx^ dipnoans^ and tdcorts begins with the 
ifirmation of a pair of comcQSdiputar iartHages, which later become over¬ 
bid by investing bones. Primarily there arc four of these investing boiicft Sn 
a more or less 'vertical tow on each side of the hotlVi namely^ a vcntnul 
clai/idtf then a large deithrum, near the base ol the fin, docsal to which 
b a supraetdihrum followed by a which usually articulates 

with the posterior part of the skull. With the c^ppcaninre of clavicics in 
hdosteans and telcosts (Fig. 491), the cteithru tend to enlarge to meel 
Yrntrally. In tcleosts^ ^t^raemd and scapula ossify Imm cartilage as di^dinct 
bemes, although outside In^xsfhig bones make up the bulk of die girdlCi 
The fossil sicgorcphalians [Tign 54#) imfortunately have only the borty 
parts of the pectoral gmllcs left to tell the tale^ but ihcse rndtide paired 
doLiclfS t^nii deHhfii In addition to a median unpaired tntrfdaiide between 
the \'entraj end*? of the clavicles. The replacing girdle coiisJsM of a single pair 
of €OT^oi^iipul^ bonfs. Tlic anlcriot appendage articulates on either Mde 
in a hoUaw, the 0mmd enzdiy^ ittBtrad of on a prominence as in ek$nio- 
brinchs. 
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The hJghly spftializcd umdeJeg also ha’^’e a aingle pair of eorocoicaputar 
banes alt hough most of the girdle iis cartilaginoijs^ mf![f.iding a doi^ai lupra^ 
and a fanllkc part of the roraroid which overlaps its feHow 

of the othej' side (I'igi. 4h0 and 461). Exicndiiig forw ard froru the middlt 
of the corat oscapiilar region is a carulaginous f^roc&taxioid f^roceis of doubt¬ 
ful liomology. To some cascs^ for es- 
ample, the ossification docjf 

not c-xtend into the coracoid, being 
limited to the ventral part of the 
scapula. ITrotlctes are wilhoul invest¬ 
ing girdle butitia. 

Among the atmrans the median 
margiiia of the coracoid and pro- 
coracoid cartilages coalesce on each 
Aide into an curiitiXge 

(Fig. 4h2}. In roads the eplcora- 
coids may O’lisriap or dip past 
each other ^ter the manner of the 
coracoids in uroddes, but in frogs they on each other or fuse into 
a common cpicoracoldal plate: The procDracoId becomes strengthened ex- 
tcnni]]^ by an oMnlying investing bone, the dmidej which c^Tmiually 
takes its pbiLC. Both the cartilnglnons coracoid and the scapula are re- 
pJaced by bone, and even ihr supra-scapuk in part, so that there finally 
result in the perioral girdle ul the frog the following paired tioncs^ clavicles, 
<7iracoids, scapnW, and snpra-^apulas, together with the cardlaginouE 
q»caracoidal plate; of whicli parts only the davicles arc investing in char¬ 
acter. The VTntro-median ends of the daviclcs and coracoids afr: embedded 
in ihc epicoracnidal plate, which also fu^u:s with the sicmal eleitieuts to funn 
a continuous wntral atmeturc. 

The prrmith'e reptiles, or cotylosanr^^ b contrail with the primitive 
amphibians had at least two boncsi i{:(ipuU and Coracoid, m each lialf- 
mrdle while in some cases ^ v-entral ptocof^oid also ofisihed in front of the 
coracoid (Fig. 550). In all toiylosaum there a mid-ventral imtrrdfmde^ 

a pair of and usually a small pair of clcUhra. at! of which are 

m\esting bones rcminiscctit of the cofidHnm In stegoccphalian^H The ther- 
apsid rcpiilrs, probiibly ancestral to the tmunmdsi, had iilJ three paira of 
replacing Imnes ^ well as clavicles and an interdaricic but usually lacked 
ddthra. 

In grnrral the pectoral girdb of modem lepdles b itmrer bony than that 
of amphi hiatusj consisting of replacing scapulas and coracoids to,^thrr vvdtb 
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Fi|f. 549. rVinal view of the pectoml 
giTTlk nf A iitegucqiliuliiMi, Ccxops^ [After 
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Fij5* 550 l Ltfhbtcra! viQWi of the protiMJ girdli^ ftl iKrec prirnidve 
reptDes. a, a. ccicyJoBaur, a cotylasajir, LabidasithTus; c, a 

therapdd^ Dicyn^rdi^n- (Alter Ruiiici.] 


investing: ifiterctavide and etameUs but never ddihra or procomcciidi. The 
pcctosul girdle of turtles consistB on dthcr side of a tripod of rodlkke bones 
which ladui the da vide. The dnmlly extending part of the tripod is the 
scapidu^ and the posterior vientral cionent, the 
hut the anterior ventral dementi which was formerly 
taken to be the imTSting daridc, is now known to be 
au outgrowth of the replacing scapula add is termed 
tluc i^tornhn. It is hoindogous to the acromion 
of the tnamitiftliiin scapula (Fig. 551) with which the 
clavicle articulates. The luitTClmidc and the ctoiidcx 
ire now known to paiticipaie in the formatiDn of the 
fd^dronp the ventral pan of the tiinle!i thdL 

The pectoral girdli: of turtles is pecniiar in another 
way^ The whrde atructurcj as well as the pdric girdk, 
h inside ihe fibs wliich form part of die an ar- 

ningrment not iound among other vertebrates. In die 
embryta the girdles arc still outside the rihs 2 ^ usual, 
but wth the modi Gent ion of die riba into costal plates 
that Hatton out and unite edge to edge to contribute 
lo the carapace, or diirsal pan of the shell, the two gtrdles sink in and arc 
co^Tred over by the expanding ribs. 

In crocodiles the da vide, altlifjug!i appearing in die embryo, docs not 
pein^isi in the adult. The infnddinctf h a ahnpir rod in morodiles (Fig 154) 
but T-shaped in lisorthi [ Fig, 465). The romcoid and scapula of Imrds are 
frequently feticatrated^ that is, broken up by wmilow-like parL^. Fectoml 
gtrdlcs arc mwifiiog in makes and miidi Tcduced m the legless Hzartk 



Fig. 55L Tlie left 

thLiijjiier hlijulc 
ptilni -rnf mun^ Jii 

teen from behmd. 
A, n^CTPirtimi process ■ 
c, CDracold prfMresA; 
Sl\ apinc: st, infr^- 
spiniiLit foaw. 
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Binis, who&c extremely flexible necks teitd to push bEirk ibr anterior 
girdle bones towards the compacl centralized ji^giojj cif the body, ha%t: a. 
conipletdy Defied pccloml girdle* The icapula becomes reduced to ii nur- 
oHv KWordlike Wnr that lies rkisic to the ribs along the doTEud stiff ace uf 
the thcimde hiwket; the cofficoid is enltugcd into a stout stmdike banc that 
braces against the upper edge of the on cither sidej while the 

by the medium of an miercliim^uiar e/cmeitl joint mto a "Vlnh- 
Injne/' or fufctdn, which in mDsl cases idsci aiidaors onto the stertitmij thus 
making a firm skelctd roundation for the aiiadmicnt of the wings (Fig. 
459), The glenoid eoviiy, ot the points on either side l^etwcen whkli the 
lM>dy ts au^pcodcti by the wing^i b partly on the scapula and partly on the 
coracoid, thus insuiirig adequate articulation* 

Raute^ or running hlnfc, show adaptive difTcixnres, as compared w ith 
rarinaics, or (lying birds, for in these forms bfsth coracoid and sea pub arc 
reduced i« slate and anchyl<^d together* and the abbreviated clavicles fail 
to meet in a lurcula. In Foehyomis, ai^ extinct “moa,” the slioulder girdle 
is entirely ab&etiij in *hc living wingless Apt^y^^ it is cxtnnncly rudi¬ 
mentary. 



Scapula 

Cluvide 

■liTtBrclavida 

Gl^iKiid Cavily 

Coraooid 

■ Manubrium 

-SltfTwbra 


Epicofocoid 

Humam- 


Fig+ 552* VentTBl iiicw of pcctctral pTiIle iiwl anitrioT portion of itef- 

Then: are tvio lypa of pectoraJ gtnUra ui mammala, wt oumpHiied in 
primitive monotrernfa and in higher mamniAU. Monotremes retain tlie 
^firaeoidf and have a Uzaiil-lUie mvistln^ inttrclavicU intimately eonnectrd 
with the pcciural girdle, while the icupula & also i|ttite ijimtaniinjilimi in 
appeamtice (I'lg- 552)* Other Tnanimali laci: the coracoid except in the 
fotfin of the coracoid pt^evis, hich may remAln for some time as a wparMt«> 
skeletal element beJore its fnud fufiion with the scapula. Sinre (he scapulas 
are the sole bearers of the anterior apjxndaj^es they become broadened 
lisiially into thin Hat tfiangnlar bones, each characterired by a keel-likc 
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ridge, ihc ipimi uaputint, tor the gmcrtius attachmenL of muscles I Fig. 
55J). 

In mammals such as bats and primati^, m which there is great power in 
the anterior appendages, the ciaiiclcs are atmng and well devebped. con¬ 
necting the scapulas with ihc stcmuin. Diggers^ cUmbets. and flym belong 
to die eoHar-bone fraternttVi while the ungulates, adapted for niinung, and 
the pintiipedes, sireniom. and cetaceans, aquatic mamniab with appendages 
reduced to paddles^ are either without a rkviclc or have it much reduced. 
The clavicles of cats are merely degenerate splintUke floating bones, uitat- 
tached ;it either end, so that the Wadelike scjipubs may be seen sLippii^ 
up and down past each other under the Itxse akin when these animak walk, 
making gteat freedom of mutiun posEibk for the quk’k stiokc isf the car- 
nivTjrous paw. 

7, The Free Appendages 

(ii) Unpaired Fins.-—The toeonmtor appendages of vertebrates may be 
separated into singU medmn and peired taierd appendages. The furEiier 
type reaches its highest manifestation id the unpaired fin? of ilahes. 

The forcrunnrjT of the ttiedian appendages b ^rcti tn iimphinxiis, where 
a continuous fin^ or integuineiital fold, supported by cotmeciive tissue 
f rigs. 13 and J4)^ extends from the antercj-tbrnl region around the end 
of thr tail, and vcntndly to the right of the anus as far forward as the atrial 
pore. A similar continuous median fin is characicristk of most fehes in early 
embryonic stages. .A* development proceeds, portiof^ of this ironrinuntis 
fin are absorbed, Ica^-ing isokted parts which form the various d(tr$nh 
and, and Venttd fuis (Fig. 5251. In gcnmi] these median finis serve^ 
like ihr ccnirrbcHifd of a saUbont^ w maintain an c\en krel m w ater. Tlw 
ramfal fiti also increases the cflectiveiicss of die Lateral stroke of the tail in 
Tcullmg inroiiiotk>n. 

Hie paired horirontat fms of skates and rays are expanded, nudiling 
these bottom-clweHirig animals to move up and down as well as to swim 
forward. 

The mcpi primitbx type of tail fin, found In ompttin^u^^ cydostotnes^ 
and amphihUrLS b proi&€&r£al I Fig. SS^AU in w?hjch the venebral column 
remains unlicnt jmd the incanqiicunus flanges nf tlie caudal fin are prac¬ 
tically equal, dorsal|y and vrutrally, in doiiinobnvnchs and some gannida 
the end of die skdirtal axb upward {Fig. 553 b so dial the ffange of 

the rHilda! fm ^xntral to ihc vertebral column becomes considerably larger 
than the dorsal portion. This c on ditto n is termed keter&refcd The great 
majority of fishr?, howe^'er, have a Aiimureird/ arrangrnienL (Fig. 553c 
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and ji) f thai is, iht upturned md of the skeletal axis brconies reduced while 
llie dorsal flange again equals llie ventral part. The dipkycercal tail of living 
dipiioans is sjininrtrical externally while the skeletal axis in shortcned so 
much that the iiplumcd part, present in aocestois of these fishes, has been 
ohlitcrated (Fig, 553 e). In lung-bodicd fishes like squirming cds, the 
unnectssary tail Gn becomes quite degenerate. 

rrequenily the caudal fin beenmes deeply incised, as m the mackerel, 
Setmbfir (Fig, j or more or less rounded, as in the ‘‘mummichug,” 

Fuftduiui (Fig. 533cJ. 



Since all fins must haw flexibility, this end is best accomplished by each 
fin acting as a whole, witlmut the lewis and joints that rharacterize the 
locomotor appenriages of land vettehratea. To bring tlds about they are 
braced in positinn liy siclrtal elrancnts which lie between tfir two walls of 
the fin fold- Tlie most proximal of these supporting clcmcuta (h^uofin) 
connect ^v^th the girdle or, ut the caiir of median IhiE, with the nciinU spines 
of tile imderlving \crtehrac secondarily. The more distal rlmieuts (rodi- 
iifwl. which may be either cartilage or bone, splice nn to the basalia, tlius 
extending the area of the tiiL {tadialLi of bone may be regarded m deriva* 
lives of the bony scales of fishes. Frequently isolated basalia, usually situated 
directly in front of die fin proper, dcvtlup into defeuBive spines lhai an 
augmented by basal poismi sacs. 

In addilinti there » present in many fishes still a third kind of fin ray* 
(actinotriehiii], which are homy in texture, dermal in origin, and double 
in stnicture (Fig. 5-18), one half being derived from either side of the fold 
nf skin constituting the fin. ActinniTichLi may entirely replace the radialta, 
although in most fishes both radiafia and basalia appear. The very primitive 
fln ny% cif iiinphh^ti5 are ^elutinnw in charat-icr. 
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Ampliibian lurv-iir, as well as aJidL pereiuiibrajiclis, a caudal fin 
that nmy extend aomc di^unti* anteriorly, but wludi differs fmm die caudiil 
fin of fiahes in being withuut Rfcckral Mupport* Dorsal fins occur in cetaceans 
I Fig. 75 J as the\ did in icbtliyusaurs^ Siren i am as ivcll a 3 cetaceans develop 
caudal appendage*, usually spoken of as which arc horromtal rather 

than vertical in arrangemeni [Figs. 72 and 73), Like ihc caucbl fins of 
amplilbians, all these special appendages of mammab are unsupported by 
fin ra^'s of any kintt 

(fr) Lateral Appendages ill GeneraL'-Typically there are two pairs of 
lateral appendages in all vertebrate. Tliey serve a great variety of use aside 
from die primary function of IcMZomodon. 



SSI, niiutTHiim; clwTig« in }^td\ prij|MFriiJ2j4Ji. dEitlrtg prf- 

natfiJ and pi^rtnumi gttwkih, - jVIlcr Suraij^) 

Of vertclimte without paired appcndagi^, the cycloaiome rcprl5^cnt a 
primidvr c audit Jon. Other Irglra vertehraie, such aj» raeciJiaiw, s^tiake, and 
certain lizards when aduitt may be said to be reduced sccundanly to this 
sLati\ for some of them have appeiidagc^, pt lea^t in thdr early suages. Legs 
ha\T been found, for itisUifice^ in the emliryo of the apodon* amphibian, 
Gymnophipna, by P- and F. Sarasin. 

A few \Trtcbratcs ha\^ only anterior appiuidages. I'he list inthidcii tlie 
I hondro^tean Calammrhtkyi ; represenUtivos of the telei:^t order of Apodcs; 
the caudate Street the liiiard CAirof^r: die orders of Sirenia and Cetacea 
/although Kiikcnthal found hind legs in the embryo of one species of 
whales) ; and some other forms. 
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A nnaller list nf \xrtchrate3, lm\Trg only posterior append si incluae: 

pythons and bfjn-tntistrktiars with nidimentanF hind kgs rmbi^dded in the 
skint dwe Ikards Py^opus and Fseudopii^, and po^ibty ^otne other fciTires* 
The AnstmlLin buirowinE ’ kiwi," Apuryx, although regarded as wingless, 
thaws x^efitigial anterior appendages. 

Ihc relative kngrh of arms and Itgs in man as well aa head and rnmk 
varies with age (Tig, 554), die legs, whirh at flnit arc shorter 

than the arms, come it> be lEinger, so lhal it b nut C4S>' for man to a^umr the 

quadrupedal pitsiliozu Such a clnmge 
of relation during ontogeny is par- 
alkird by the phylogenetic scries of 
primaEcsi, as shown diagrammatically 
in rigure 535. 

EmbryatiicaHy the firsi parr of the 
budding appendage that show*? on 
the silk of the hiiman embryo lum^ 
nut to lie tJic dbtal pan^ that is, ihc 
future hand nr foot (Fig, 556), This hui soon becomes scalloped, marking 
ihr future lingers or lofca, and ihen, after a ""web-footed” atuge^ the separate 
digits are fmalfy citabli&hed. Meatiwhile tlir Icing bemes of the umi or kg 
push out the tennmal hand or fool, as the case may be, just as H these 
rxlrcnuticji w ere borne upon the end of an cstciiding ieverlike liaiidk. 



A S c 


Fk- 555. Diagrams ihc rcl»itifin 

of die npprruiuRW in a ni;w4M)m child 
• Hit aduh ape i a); urid m luhilt mm 
,ci (After Wiederihdfm.) 


0 

te^ Ann 



17 mm mifi 



52 rmfT 


Fig. 35G- f«irer*ilve vtagei in ihr ikvrlupmcDt nf the butitAti Imnd. The 
ntC4uuremBiit» indiPiEr ihr Ojra. uf the cinbtyusw { After Rceuus.] 


(e) Diircrciit Pectoral .Appendages,—Tlie pectoral appendags of 

fHhm are of g^orral repmcntcil hy (hr paired pectoral fins of 

rlasJTUibranchs anti the ilipnoaiu. In the fomicr a ruw n( enUrgre: caritlagc&i 
or hasalta, at the hose of the fin. aiticuLite with the f{^dte (Figs^ ' 532 a aud 
5481 . lu ^ dipnoAti type, there in a chain of skeletal rlnnents with hn rays 
cij^ually displared on either side (Fig. 557 ). 
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Varitnis attcmplB ha^-e been madi? to hamnlogbe tlic skdcift^s oS the 
paired fin-s With the bones In the lateral appendages of letrapodSt but wLih- 
out uiiix-erjuil to comparadvc anatomists. 

Begiiming with the amphibians each lateral snlcrior appendage cotiyists 
of the following sequcxiec of bonrs^ joined togttlier as a s>'stcrni of levers ^ 
a single long bone, the hnmems, articiifctt- 
ing with the girdle; a pair of long boncs^ 
the radium and uMu : primarily three rows 
of W'rist Iwnc?, QSJd far pi ; fh'c palm bones, 

and finally a set of digit boneSp Fig. 557. Old^ni of a pceforitl 
or ph^nfipes^ for each of the five fingers. areliiptctygium/of^iif#?#- 

■n . ' I 1 1 I ' j u r * iodtn^ GaUu^ijr, } 

Tlie typicod Und appendage ihcrefore ptfn- 

tadniit^t (p^ntn^ Bve; duftyty digit), fit priitiiLiw plan there are three wri>i 
bones, or carpals, in the first 10 w, two in the second, and five in the third 
{Figs, 529 and 55S) while ihc five digita, bt^giTining with die tbumh, roiisl^t 
of twi>, three, four^ five, and thtce phalangra ixspcctiveJyH (Sec Tabk X.} 




Hg, 55fk Carpal* of Sphfnum 
don, show'ing nro ernfra/r bon^ 
K, radUli; t?k iilti^; r, ntdidk; Iii^ 
imrirdiak; u, -ulmiTc; c* amj 
Lcnmilia; t—5^ oarpalc boors; 
i-V,. inctiejTpnlhi: pisifoimi^ 

31 «ff!iRmoid hone- (Alter 
Bjnr.) 



Fig- Tiifstii of a salanrnndirr, 

CryptfAfranf^hai, h filMibirr; ioict- 
mcdtalr; i, tlLiLiile; r" jeud r*, t-m- 
tralia; 1-^, dktaT row of l-\\ 

inctanir^ls^ tAficr Wiedetsheim,! 


In amphibiam there are present fnnr fingm instead of five although the 
uiimber of digits on the hind font is ordjtiariJy not reduced (Fig; 559). A. 
fusion nf the radiiu and ulna into a ii^ngir bone^ djc takes pLire 

in aniirans, w'hilc the middle one of the proKuna! osw of carpal bones, the 
intermedium, h abseiiL 

.^Vmong rcptil«^ Sphenodofi has two central Imne^ In the wrist Fig. 
558), hut only one is common to oihrT reptiles, except trocDdiles w^hich 
have rii>ne. Tlie eitdnci irhthyosatirs and plesiosaurs liad a great luultipliia- 
iltin of ptiabugu til %usiat]i iheir |jip|Krrdikt Ap|H:inibges, while die 




TAlBLF- X- The liimioJogin of U» Girdles and uf ih^ Tttt App^ttdagci 
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^3® Biology of the Vertebrates 

ptciTKaunv had an cnonDoiisJy rlrm^ied loiijth finger to u'hich wa* 
atiached ibc stretched sail-lLte stilly Sitr\Tiig ati org^ui oi flight ( Fig. 


The DTiginaJ qiiadmpedul rharacter of birds is in nesdinga, witieli 
sciumblc about the nest, using their imdevclopcd anttrioe appendages a^ 
le^ (Fig. 180)* Lii ad i iU binia tninplcie ctnancipatiou of the anterior 



The human ami h a fore leg which baa been freed from the work irf 
Incnmotimi and sup^rt, hut the mlieritcd s^ystem of Ic^era and joinis has 
been diverted to ti'arinsu other uses with eanspiciious success. The function 
of the pirhcnskni cf food, fur csamplcT ^ tio longer confined to the ufautb 
and lip^j as m many animaU whose arms arc still legs^ nur am defensive 
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structures, Jike hcims or any longtr necefi^ry, sincic the swinging arms 

take the place ci such prgam of defence. 

The entire arm is pivoted to the pectoral girtile by a ball-and-$ockei joint 
which aUowB great freedom of motiou. Other joints between tlic d^epamic 
arm bones, while iimitiug the range of motion in each insianceg insure a gain 
in strength and dTcctivcncss* ThitB^ at the elbow ilietc E a hinge jomi that 



Fiij, 56 L Fote-lbnh f>f 

Jill ejTibcyi* ton, 

1[ After l^iglilujL; 



Fig. 562. Flippers, sea turtle; a , 
whale; 0, peiigum* f After %'o-ei Hao- 
fteiiu) 


tnoies in only one plane but which by means of tHs special 1 station k 
rendered all the more efhizimu 'nic juiiiL't of ibe w^tisl and )mnd arr moettly 
hinge joints, mo^nng likewise in one plane, but ibc rotation of the radium 
amiind the ulna j[Fig. 563] brings ihc Iiinge action ol the hand into any 
desirable plane. 

All of the small wrist bones arc irregular, many-^ided Htnictures held 
together by ligaments and so playing upon cadi other as to allow consider- 
able minion. They fit together as a whole, forming a hollnw trough with its 
convexity on the palmar side of the band. Acnisa thk cavity the lifiamdntuM 
c^rpi tramier^um stretches from side to aide, and tnidcr the bridge thus 
formed the tendons^ blood veasek, and nerves that supply the fingenj go in 
safety* 

The articulations of the wrist bones, as wdl as the other bones of the 
arm, ate shown diagrammatkaUy by dotted lin«3 In Figure 564 - It wiit be 
seen from this diagram that the entire hand is hung upon the radius which 
b enlarged at the carpal end to lecdvc iU Altlmugh the radius [afcis some 
part in the artkulatJQn of the foteattn to the humemii at Ihe elbow Joint, 
this function is mainly arcomplisiied by the ulna, which is consequently 
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enliixgcJ ^ Lbat cncL Such ^ arrangement makes it possible for the distal 
end of the radius beaiiDg the hand to mtatc frcdy in a half cirrlt, carrying: 
the complex hand bones with ii* 

WTicn the radium and ulna axe paralld, the hand palm up in \m 
attitude of supplication. Thh is called iupinalian. The oppoidic attitude of 
pfonation occurs when the radios and ulna are emssed and the palni of ihe 
hand U turned down (Fig, 565), In all mammaU except priimtes Uic mdiua 
;ind ultia remain permanently crossed. 



Kutiwiif 


Fig 5G)p DiagTTiTn ihciwbg 
the IT till JVC pcuirifitw of ihc 

faditu 4 iid Liiiu Iti pmaaiKm 

and uijiJiiiiiiuti. (After Hflu* 
motuic) 


Polmor 


Knucklv 

Sickr 



AUhough centrale hones occur in mart tnc*nltcy» and some apes, they 
were fiol kfiown in man until in J»74 they dw^wrd by Rosenberg In 
the human eiiibr>t>. Their disappearance during the third fetal month is due 
la thrir fusion with other wrist hones. 
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Four &Diall iesammd bones, embedded in tendon, are regularlv pfestnl 
on the palniiir aide of the hand. Two arc at the niclaearpo-phalangcai jtMnt 
of the thumbs while one each is at the metacarpo-phalangeal joint of the 
index, and of the little finger. Frequently still other iKcMomoid nodules arr 
found at the fitigier joints. A cartful and extended study of a brge ^nns of 
human wrist bones, suc-h as that rnade by PfiUner, haa rev^ealcd the presener 
in variom situations ul a grent number of supemunierary wrist bones aside 
from the rcguhir se&imoid Ixuies. Figure 565 to a comjMssite diagram from 
Pfit^ner. showing the location of fifteen extra boru^s found in different 
human wrists, indicating timt this regiun is still being exteusi^'ely molded 
by rv^olutionary factors. 



Flff. 563. Tbr volsr aspcf^t of the tnunan wrin showing, (jji black) 
where cstm wrial ht^nes have been fotmU In mdividitiik. 

niemer.) 

or the growhig of fingers together, brafhy^lai-iyiism^ in 
vt'hicb one phalanx of each digit h missing, and potydi^ytim,. or the addj- 
tmn i]f extra fingers, all occur uetaaioiially in man a& wcU as in other verte¬ 
brates. 

(rf) Dtiffcrtnt Pehic Appendages.—The sequence of bones in the pelvic 
appendages is hcimologouj^ w^iih that of tfir prnoral appendages, a* ishown 
m Figure 529 and in Table X, in which the synonyms of the names em¬ 
ployed for the varinus paxts are irieliided. In birds and mammaLs the piit^lln, 
a fcsamoid os^^i^lratinn embedded in the cKims^r tendon over the knee, h 
geacfully present fFig. 581), md a similar sesamoid, the brachSfJ 
rarely necun^ the elbow loinu 

In grncn^l the chain of Icvere whirh the kg bone* form nets jus a 
^"pusher** in locomotion, while that of the anU-riiir appendage serves as a 
"pullrri" ( Fig. 566 ). 'nils is true both for quadrupeds progre^g on the 
irmund and for rlimbens in irecik 




6^4 Bio/ogv’ of the VeTlebrat£^ 

Elbows are bent backward and Icrwarxi in rjuadrupetb, thus 

centralmug the long bones oi die apptimiages under the body. The push or 
kirk of the hind \cg b nuite efTerctve hi luicomotkin thiLO the pulL ui tbe from 
leg. It b ihc idea of the w'hcdbarro’w rather than the drag-cart for carrying 
a load easily. 



Ftg. nJiiilFatLiig[ ev^lutiDu of thr [iiab^ of tetrapcHfiL 

A, antcricjr \itvic of rmrh (tuge wtifttn limbs itirk out iMctuHy md v'cnlTal 
ffurface 4if hoef^ rc^ls on gmund; b. fa ter mage wKeii Ijodv h fmm 

^rtiutid, iiul Isitiln ti> iht ky(>tKiirtii'al mndftiiiti in w hirh 

hind-liiiib h ruuiied fpim jicrtahulnui iinrf foTT-Eimh rDiaicd 

back-ivanJ^ hom gEenuid cavit^^ Emt roK-^m^ hnna me not crtuied; 

Pp acini]E cfmditioii in vAiich radium hm c.roi^d D%'cr ulna when fere-arm 
roiatrd /onrarcli: u Htircnpr ^"lew of itage shown in d, (After Oeikicfi) 

The dilTcmitiatioii between the anterior and posterior appctiihtgm in 
birds is ver)* gtrai (Fig. 422). The leg^ assume the entire jiupport of the 
body upon the EToiuid, having become mtwlified accordingly. The fibula 
hcromoi reduced and the several metatarsats fuse into a single bode, while 
the Lirsals are redtjced in number and sotidly joined to other akdeui parts 
in the interest of increased firmness and strength, the proalmal mw fusidig 
with the distal end of the tibia, and the dbitaj row with the mclatarsaU 
tvhich hrii]g!i the atiidc joml between two row-s of tarsaJ banes .is b many 
reptiles. 

The arrangement of les cr? in the leg of a bird combines the abilily to 
walk and ran with the possibility uX sudden elevation in order to “hop off” 
in asiition. This latter accommodatian is attained thmigh the angle that 
the femur normally a.'^imes with ihr tibiotarsus when not in flighL It will be 
seen I Fig, .'>67 J dial a bird is “sitting down” while it n sdll itandbg up, 
since the knees arc directed forward liotiaontally, ns b a siting num. This 
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pQsltk>D eiiiibks it^ by strai^trnitig tht^ legs suddenly, la rvx maugb from 
the gmimd or the perch to take la the air syccessfiilly^ When a bird '^sqiiats^' 
(Fig. 567b), the !cg bone? fack-knife together, thus piiHiiig the ttuidoiiis 
attached to the loes taut and clinching the phalanges around the perch. To 
unlock the foot it is. ncccgsary ii>r the body to be rabed^ dins strEightening 
ihc leg and looscumg the tendon 
which hajt been pulled tight fiver 
the ankle by the dowTtward wcighi 
ol the Viody in perching. When a 
bird perches, therefore, ji h auto¬ 
matically locked for the time be¬ 
ing upon the perch and can go to 
itirep without fear of Falling nff. 

Among mammals the ankle 
joint h never between line row^ of 
lariat liones in die reptilca and 
binb. 

The diiTerence betvvtieii the 
hand and foot of man is greater 
than in any other anrnial. In apes 
the fiinctians of gmsping and sup 

pcjri ate partly shared by both the hand and fool (Figs. 566 and 569), 
whereas in man these two Uiies <if activity^ have become entirely segregated, 
although some individuals have thr ahiUty to flex the tnes enough to grasp 
awkwardly such an object as a handkorchief aa wdl m to pick it itp« 



Phalnngei 

Fin* The perdilfiff mrthaiihm of 

bitd- Af ttundiag; pcTiiiiiig. 



hand of jUI orang-utan., ahaw- 
itig iJie poorly cppo«ab]e 
thomb r After PrimttnM*) 



Fijf, 5©. The loJc of the fiKrt 
of an orang'Ulan, iho>viii|^ the 
thiiTTlhltke h\g tot (After Prim- 
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The ankle bones, which roust support the wetj^t of the body, form at 
least role half of the entire foot (Fig. 570)^ while the wrist bones do not 
make up more than one sixth of the grasping hand with its long lingeis 
(Fig. 571 )* The longest toe is about one fourtli the length of the foot while 
the longest Bnger is fully hall die length of the hand. 



F%. 570. Dlagnm dioit'ing iJje nonnal esieoi of ihe hiuge ntewemau 
aJlutwrci bj ihe ankle. Ca»tipiirc with Figufc 571. 

The humim foot is arranged practicaily at right angl«t to the leg 
^F((g. 570), wliilc lie hand luro^ straight down at the end of the am», 
ini^ng ail angle ol ifid de^ (Fig. 571) , Moreover, the bending of the 
WTTSt towards the palm side is easily accomplished through an arc of at least 
yn degrees, while the norrr^ponding miwonem of the foot at the ankle is 
made with difficulty through a ihinl of that distance, as shown diagrammat* 
ically in Figures 570 and 571. 

On the otlicr hand the swing away from the natural position in the 
opposite direction, which raises the foot up on the toes but accomplishes 
iwuhing usefni for the grasping hand, is much freer and can extend through 
a Earger arc in die case of the fool than in the band. Rotation, which o 
ra-sfly accomplished by the hand by means of the way that the radius and 
ulna an: hung from the humerus, b possible only in a slight d^ree in the 
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foot. Since the tibk docs not route on the hbula Jis the radius does on the 
ulna, the lateral swing of the big toe from right to left and back again is 
LooiicqucnUy limited. 



571. Dirigram ihm'fH]! thr nnirmAt r^fmt flf ihe Kingr Timvotiart 
b]f the wriJL CufnpAnc with Figure 57D. 


In hoofed ammab like the tow and horse, the specialization of a sup¬ 
porting leg and fool ha5 gone much fiirtlicr than m man with the nesuti that 
the rotary movement is entirely lost 

The human foot is plantrgradr 573 )t having not only pltalanges 

and mctatai^alf, but even some of the tarsala, in contact with the groimd. 
Birds and fifsipede carnivores, for rxamplc 
eats and dogs, are digtiigrnde (Fig. IB2)* 
because the ankle is lifted qS the ground, 
while ungulates are unguligradef that is, 
elevated cm the lips of toes terminating hi 
hoofs (Fig, 524). The uoguligradc tapir 
of South America resis on liic cods of four 
toes on each front foot and three on each 
hind foot. The pig walks on two toes with 
two degenerate toes hanging on either aide 
(Fig. 572), that make an imperfect im¬ 
precision only when the anicuaS walk? over 
soft at muddy ground into which the feet 
sink. Artkdactyls generatly are two-toed 
with ihe other toes in various degneo of degcncraticFn, while penssodactyb, 
like the horse, arc reduced to standing nn \hr tip of a ringTe lor oq each. foot. 




572. EvnluliDn of artkKliietyl 
foot (Afier riowcT,) 
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Thtf fiQTSc’s aniL^QtraJ gallery’ of family portraits all mlirtnediate 

degrees of evolution from the five toes of Eohippus la the single toe of the 
rtiodcm hor^. Hat-footed man would a long mad to travel before he 
reached the extreme stage of pedal evolution atUiioed by the hoise. 

The bones of the human foot arc arranged in the form of two arches, 
whleh act sprtup or jihock al>&orbcrs in locoiuutlanp Thty abo protect 
from pnasurc the nerv« and blood vessels of the sole, llie hn^ arch rest? 
iipcjn the ground both at the lieei and upon ihe ball of the foot or, in terms 
of the KkrleUinj upon the posterior end of the caicariru^ and the dkul ends 
of the metat{trstd$ {Fig. 573;. It has for a kev'stoue the iolm, or (HiragaluSy 
which bears the weight of tiic Ijiidy and is the only bone of the foot that 
artli libinc with ibe diank of the leg. 



Fij?- 573, Tbr ifsig iitrh id the ftKit. c, r’jJ- 
cauctu; t. liJtu; x, njivkuJjirer- tur, ciujcHlormc 
I; ilT, rnttiitprsal; iint] p]idi.uige:i. 



RgK 571, A imoM swr- 
tJiin ihrutif h the mid¬ 
dle nf ttif- foot* ihirw- 
ing the uatuvene 
arch. (After Rjtibcr] 


Tlif sm&Oer trampfTtt arch {Fig. 574) exlaid$ frum mdc to aide tlirnugh 
the dbml ends of the sprav-Unj; meUitarsaJs. In standing still the weight of 
the body rests princlpaUy upon the ioDg arrh, but when the center of gravity 
ts thrown forward as in walking, die wright «if the body shifts tenipnrariiy 
to the transverw arch evny* time nnc camrs up on the ball of the loot or the 
IOCS* Then with the weight thrown fotward the transvcisc arch tends to 
flatten, allowing the too to grip the gruiind, and to ptiD the body forward 
rffecitully. This ftappms mi*! perier t]y fn the case of the unnstricied bare 
foot that b tsot crciw'dcd into an unvJelding hooJIike shoe. It is obvious that 
hi^h*hfcJcd shoes throw the standing weight forwairl so that tike long arrh 
dnok Wit function properly, and the transkxrse arch, which shotiJd be 
rescr\«d for springy loeomoiiott. gets more than its shaic of burden4icaring, 
Arty arch rertrng on two ptlliu» spreads ib weight over a larger area, making 
a morr ’iiahlc foimdaiioii than would be the case with a single column sup¬ 
porting the same amount of weight, 'tlie long arch of the foot is tipped 
up on end by the high-heeled shoe so that the lirte of gnt^ity nins mostly 
through only one pillar instead of through two, in consequence of which it 
no longer functHHis as an arch, because tlic mechanical advaiitagot which 
an arch posieses are thus sacrificed. 
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The awkwardticss exhibited iti walking on stilts or emtehes is partly due 
ID the absence of the double point of oontaci with the gratnid thni i» 
furnished by thr anJu Again, tight shoes across the toes, that do not allow 
tile transverse arch to spread properly in w'aiking, prc^'ciit the proper puU on 
the ground by the toes and add greatly to the mechanical difhcultks of loco- 
TnotioTL Human feet ha^c never quite recovered froni the cftcci nS having 
the body tipped up on end vviih Uie entiine responsibility of its support 
ilmi5t upon them. In tiie cvolutiDnaiy' tune at thdr dispoAaJ they have 
developed tbt best they could with the inherited matctiali with which they 
had to do^ but it must nevertheless tic eoitfesscd that the result is as yet only 
a makeshift foot. The various foot Uxsuhla of man are an eloquoil can- 
hrmatiDn of this statement 



Fig^ 575* The hecl^ as wn frem lichinsL a, a chimpfttmej b, ^ Am- 
tralixn -binhtnw «; Cancai™* The fibiiia playi a decreaiiiig nSle, 
while the ralcuocul temii to shift in ilic dinsediMi of tbc (After 

^VicdcrsKdni-) 


Man needed to have a eonsaderable part of the foot bent at right angles 
to the leg so that it would come into contact with die ground and thus 
prevent the upright body fram tipping over forward. At the same timr a 
pan of the fooi, the Afc/n had to be detailed to project in the other direction 
tn prevent tipping backw^anl 

The flames of the foot, hnwev^» necessitateti the formation of die 
arches just described w’hich entailed adjostments in the ease of every bone of 
the foot That these adjustments at present are far from perfect is at once 
apparent when the arrangement of the bones of the foot is carefully scroti- 
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nizcd. Tht ankte bcpnes. for citamplc. together resemble a caiiti of iiregubr 
Slones piled otie uptjti auutJier^ on the top of whldi ]& precanoiisly hulancrd 
[he weight of the body. Fiinhcrmnn:^ ihc big cakiincus, or heel bone^ k noi 
squarely placed directly under the line nf the cenlcr of gravity as a founda^ 
tion Slone shuuki W., but rather to the outside of ihk pUimbline. That it is 
gradually Ijcing show ed under niio a mechanically IjcHit positicm is shown 
In Figure 575, where k pictured the less satisfactory adjusmient in the ca^se 
of a primiiive A ustralian and die .vcUl more primitive bow Pegged :ipc, TJiis 
oot^ilc lateral posirion of the calcaneu.^* like the nm-over heel of a shoe, 
causes the weight of the body to veer over toward the inner <ir big-tue side 
ol the ftwt. Tlie latig iirrh* tnnrcov'er. is considerably higher and more effcc- 
tiv c on the inner side of the fiwt than it is on the oiner, as any print of the 
normal bare fi>ot Ln the sand demorkstrales. The result is dial the big loc k 
lirconiing larger while thr linle-tor side of the foot is degenerailog. 

The hig toe Is said t<i hr relatively somewhat hincer in the human male 
Ulan in Uir female which, U true, Would be evidence that the male, with Ins 
feet if tin! bLs hrad^ hits traveled a liftk further along the evolutionary 
highway than tlic female of the specie^f. 

(e) Tlif Human Handp- -Tlie hiioian hand takes an irnpnrtant patt 
widi the liirge brain in placing msin triuinphant at the head of the suiimal 
creation. Witliout its aid the arts and Bc.ieni::efi+ which are tlie flower and 
raprrfision of human Livili/juion, wniihl not Ivave been posiWe. 

1 hr hand is fii’st of all a urtivei^! grs.sping device^, rnnimccd nn a mov¬ 
able arm, that can hold a tt>ol or grip a wcapcin .'Fig, 576 j_ Without such 
anihi Eld aids nn tools and weapons man would si ill br 
i\ beast whose only stibstitytcs for hands are specialized 
orgarr? lhat are adapttri for a narrow' range of use^ a? 
fur example^ the goring hf^mn of a bull or liic chiseling 
teeih of a beaver. Once the hand h present that is cap¬ 
able nf griuiping artificial aids, Ihe invention and util¬ 
ization of itll suiix cpf acceivory devices goes forwani 
With leapi and bounds, cniirelv unpiarallcled in the 
slow' evolutionary^ process of adaptation by natural 
selectiDn of botlily stnir.itire^i. M an evohnionary 
source such a shon mt to cffti imey is an incalculable 
advantage to its pojscsstir. Aside from man probably 
only the his/her apes among antmalfl make any attempt to use even so simple 
a tool nr weapon as a iitone or a stick. ITie idea of fasbiDTiing anything to 
be held in the hand for any piirpo&c whatsotviir belongs entirely to man. 
The absolute dependence u( mail upon ilir opposable thumb, which has 



fijt. STBl Tim eppos* 
uh\r htinran fNiiiinh 
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been significantly called "Wotan’a fingrr,” and the grasping hand that 
I faults is the key to iijiasi human activities. The thtimbicss spider monkey 
(Fig. 577) is only partly cumpeiisated by its prchcjwik tail. 



Kg. 577, Thumblck^N^ haitd uf a spider munLeji, Atfbi. (After Haneke.) 

What laborer works without his bands? What artisan, even in the 
“machine ngc,** can produce anything without in some stagje of the process 
“fingering'’ it? The artist who creates a painting or a statue must hold brush 
or chisel. Ec-en the prise-fighler cietjches ids fist with its tightly opposable 
tiunnb. The mechanical perlontiaiKc of all writing or printing, with every- 
thing that this means in the recording and comniunication of ideas, is 
pnnuLrity thumb-and-fingcr work, and the siunc is true of moat of the dally 
artisities that make up human lift. Tlje romnton phrase “he had a band 
in it" expresses exactly and literally the part dominatii man has taken and 
continues to taJu; in the world’s off airs. 







CHAPTER XVIII 


Production of Motion and 
Locomotion—Muscles 


I. IN GENERAL 

xVlusctc? are chariictdristk of animals rathtr than of plants. When danger 
is near anmiaJs may make an escape but pIanL<» must stand stilt wherever 
fate has placed them, Aninials employ muscles in the daily business of food- 
getting, and also by means o{ them go afield m quest of Muscular 

movcmeiitu, which play an important part in courtthip, enable animals to 
ocTcise some degree of choice in the altruistic matter of reproducing their 
kind. With non-Tniiscular pknis, on the other hand, “forced imirriage'* 
wiLlinut rhoice, and by senne outside agency such as wind, water, or officious 
insert, is the universal rule. 

Not only in loeomation. or bodily movement from place to place, but 
also b motion, or lire nifA-emcnt of the organs of the body, do muHular 
animal* haw a great advantage over plants, for plants mu«^ depend upon 
Such ph^isicaJ agencies as wind, iniemiil luigor, or unrqual growth m order 
to effect the rustling oj tlieir foliage, twining of tbdr tendrils, and closing 
their leave* b “sleep." 

hrrjm the msigtiificani Haiwnnns up to man evolutionary titn'clopnicmt 
is partkukriy mitrored in (he muMrulaiure, which has dragged with it all the 
other systems. Tlic bobolink on the wing over a sunnv meadow sang* a cheer¬ 
ful hymn of praise to the musclca, and conquering man by mcaui of musdra 
is able to go forth to the four comem of the luirth. 

By the agency of mnsrulature man lies down, stands up, sits, walks, 
runs, jirnips, creeps, dances, skates, dds, writes, drives, palms, make a 
machine, and plays a violin. What other iinfmal nm do all this J 

'fhe aeriniw tif animals, which "spr.ik louder tlian words," are hmught 
about bv the triple agency of nrn-e, skeleton, and muxrle. Of this trinity 
of parts the muscles, or flesh,constitute the gteattst bulk, making up in 
642I 
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man approximately Kalf of the total weight, Altliough the skcletoni Of 
scaffolding, is the primary factor in detr.miining the fonn of the body, the 
musdes that drape the skeleton arr thieliy responsible for the characteristic 
coQtoius which give it grace and be»yty of outline. 

It la sTry ■■gjf ntial for the surgeon to posscjs detailed knowtedge of the 
separate muscles of the human body. Consequently careful training in 
Afjotog}\ nr the science of ojiisde. is a part ol the indispensable discipline 
that every well-equipped tnedkal student must undergo, and this knowledge 
can be attained only hy careful and repeated dissection.'!, railter than by 
reading descriptkrr.s of muscles in books. A siiperficlai comparative survey 
of the muscular system tn different vertebrates, which 
is all that will be attempted in this chapter, may, 
howe\'er, be prohtably undertaken by any student, 

W'heihcT or not he b looking toward a medical 
career, 

n. MUSCUL.\R .ACnVTTV 

Muscular activity, or tlie way auJmak expend 
their energy, has its morphological basis in celltilar 
units, which, unlike inorganic substances, possess the 
power to increase with use, Muscle cdK although 
presenting nothing lundamentally new in cell struc¬ 
ture, are spedalizcd in the matter ol contractility., 
which b one of the universal properties of proto* 
plasm. 

Elastic myofibnli. that shorten in otiiy one direc¬ 
tion, appear within the muscle ccU, and these are 
capable <rf causing moverfient not only within the 
cyioplasm of the muscle ctU iwelf, but aho outside of 
it, thus effecting both motion and locomotion. 

Muscular movement is alwayx the result of ntus- 
cular contraction. When, for example, a icR is licfit Alter MoUjer.; 
by shortening one set of muscles, it is restored to its 
original poaiiiun not by the rdaxatioti of these mtisrles hut hy the contrac¬ 
tion of an aiitagoniKiic set on the other side of the leg ( Fig. 57B) Usuall> 
the group of muscles that flcses. or brings the appendages dose to tie body 
IS stronger than its opponents. In the chewing muscles of the jawx those that 
effect the bite are stmtigier than their opponents which open the jaws for 
another bite. 



Fig. 578. Anta^'oiibiit: 
of the humsm 
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WTirther ihjA (undamcntd diffcrcnrc In oppfjsinp muscles has any deep 
evtjludunary signiELiuiuc or nut is ijpen tu speeuktijoti, though natural pcIcc- 
linti Ifl always un the tmkutil far whatever may CDjitnbutc to individiial 
presen at ion. In any case the centra Jbed drawing in of the arms by llexiun is 
better adapted for defenshT purposes titan the opposing gesture ol wide- 
flung rxtensinti of the appendages. 

Aside from accomplisliing countless necessary movements of differeiiL 
pans of tlie bf>d\% and serving an tJie eiigiitr id propuhian for the animal 
ma<rhinc, miisciibr activity contrihisies in a variety of W'ays to the welfare 
of the animal onjankm- For example, the exercise of Uie tnnsiiltts coniitanLly 
i;Jiangc» the character of the bliKid and lymph!, since mon; carhnti dioxidr is 
given off from the hhiod during exercise thun at other times; vascular ccui' 
pcstion is derTCaiffrd by the muscular dilation of die arterii^s, and at the same 
lime the ventiJatioii oj the lungs us ini:Tca:M:d; the lymph flow h promoted; 
peristalsL'i is stimulated; and the heart k trained not only to continuomi 
performance but to meet emergencies. 

'Hie muscles of the U™g Ixaiy are never entirrly rrlaxed^ but mahitain 
a Vonu tp tli al k, a rn mil don of halanr cd Tcnsioiri tictwcrcn opposin g sets. In 
wan ding erect there b ceaseless cniployiniinL (if opposiJig musLlcs, and when 
the liiKly wall b pierced hy a hullrt the resuitmg hole b muic ^litlikr than 
mund, sht'wing tliat the mu^rles Involved are always somewhat laui even 
when not: dTccting morion^ Considered in all aspects the must-ubr w^ork 
done by an ordinary ambulatory humiin being during a lifetime amounts 
to a disy tfitaj. 

Tlic dura Lion of contraction and the tntenra] elapsing before the next 
contraetkm v^rv greatly m the muscles of diflercni animals. It has been 
trrknticd^ for example, that the duration of contraction in cold-blooded 
turtles and frogs b one second and aiie fifth of a fiecond tespertivclv, while 
in mao it b one tenth of a flccond A violinist can make ten tnu^le mme- 
merits per ^Mreond m HMcutlng a trill ivith hb fingers, hut a buzring house fly 
has a record of 311(3 muscular tiiovmicnts per setiond. What a Paganini a 
fiy wniilil make! 

Fatignr fnllow-mg mnsenbr ai tirily rcsulu from the release of lactic at^id 
inUi Llie blood stream. AluRcIrs dual's react in the same manner, hy a iliange 
Ilf form accninpariied h) tlie frtcose of lactic arid and thr pnxtuction of heatv 
regardless of tlic category into which the sitmulus applied may fall, whether 
il b ncrvnis^r chrrniriib phiiricah mechanical. Cunisetjiieiiljy a miifclr Cim^ 
nnl l>c described a% rxc lupivrly a thcmi.JHlynamit:, a chrmo-dynatniL, or an 
rlectro-dy'iiamic appamtios 
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III. MUSCLES AS TISSUES 

Muscles may he considered from the point of of tisines fir of organs. 
There are liuec sorts of mii^k tisiics (already briefly describetl in 
Chapter VH as smooth, ttriaied. ^mij cardiac). which differ from each oiher 
in origirtt libitological appcarajjce, pliy^sblogical action, and d^iribiition. 
Each muscle cdl connects with a nerve ending that controb its behavior. 

Smaoih mtijTc^^ cttb^ which have to do with the events that go on inside 
ihe bgdy^ are derived from mescnchymCj arc compatatively short, have a 
single nucleus (Fig. 92a] ^ and arc frtqmmtly bolatcd or romhined in thin 
sheets. For example, every hair is provided with an indjyidiiaJ pomade tube 
in the fonn of a sebaceous gland, administered by it^ own private .smooth 
muscle in the skin (Fjg, I.S 8 } which makes the hah: “^and on end"^ and 
also prf:S 3 CS the from the giand. 

In the walls nl blood vessels stnemth muscle cclU am arranged mainly in 
circular fashion^ thus decreasing tfie Ixire of the passage-way upon coutrac- 
Uon, while the enlargement of the lumen is brought about by blood pressure. 
They occur not only in the walls of blood v^esseb and in the skin but also in 
ihc walb of the digestive tract, the urogenitaJ passages» and ducts of various 
kijub, thus forming parts of other organs rather than whole organs in them¬ 
selves. Since they are supplied fmm the autonomic nervous system dicy air 
comparatively slow in acdoti and are involuntary- 

Striated muscU fihen (Fig, S2»] arc elcmgated crib wiiich constitute 
most of the muflcukture of the body, particularly the muscles wiih .'skeletal 
ronneetiori*. They differ from jmooth muscle celb m at least the followitig 
points, being ( 1 ) anaiomicdly more complicated; ( 2 ) enibrynnicalK 
yoimger: ( 3 ) connected with the ™!iintary nervous system and conse¬ 
quently under the control of the will: f41 quicker in action^ <.5] more easily 
tired; ( 6 ) less stretchable; and (71 weaker in effect* The rnormnvifi pwr.r 
of ejctensiori of the smooth fmoscles ts shown in tlie great capacity for dilaticin 
possessed by the stoniath, for example, or the urinary bladder, while the 
remarkable sm-ength r-xerLed by them in inntnist to skeletal muscles h dtitum- 
sitrated by ihc extraordinary expulsi ve pow-er CKcrtcd by the w^alk of die gratid 
ulems. In general the strength of striated tnusrles is proportional to ^heir 
tlikknra, while the degree of contractility b dr pendent upon thrir Imgth, 
Cardioc mm^U cefh or fibers^ which are intci-mediatc between jinuxith 
muscle cells and striated muscle fibers, arc of meseochymal origin, beinR 
modified from rhe tunka media of an embryonic blood vessel. They arr 
short mult inn clcatc structures, usually branched or anaslomoaing together 
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and showini^ faint Etriaiiotw (Fig. 109], Uulikr true Jstrbted nmsrJe ccJls, 
they are iitvoluntary in action, llicy occur in the vyall$ of the heart, a* well 
as of the pulmonary artericH and veins, and also in the roots of the aorta. 

IV. MUSCLES AS ORGANS 

While amooth and cardiac miisele cells fnrm mainly tissues, which are 
parts of ti'anoiis organs, striated tnuscle cells combine to fnrni organs wiLh 
more or less morphological and physblo^cal unity. Coimectivc tissue 
sheaths, while ttialun^ possible the acbon of a muscle as a whole, separate 
single pans of muscles so that tlicir identity t» not alw'aya easy to determine. 
A furtlicr cotnplii:ation is ciicotmtcred hji- the compuative analumist in 
detrmuiiing the himiologies of muscles ia different vertebrates, since the 
namn; applied to them are borrowed from human anatomy, although Ins 
quent changes in funedon, liable to Uirow' tlic investigator off the ct'olu- 
tluiiary track, have occurred. 

Anyone with cxpcHencc in the dissecting rooms of a medical school is 
well aware of the diflkuliy in trying la make a dissection int^ably rocct 
thr expectation of the manual, for there is great individual variation in 
separate muscles, and even in homologotis muselcst on the two sides of the 
same IndlvtduaL As s mader of fact muftcln arc not nearly as conservative 
as hemes, teeth, and ner\«s. Tlwre » consequently a difference of opinion 
as to iiow many muscles are to be accounted for in man. One authority 
lists 631*. of which 5 ait unpaired and 317 art paired, witli the fcJlawhig 
dbiribuiinn; head, 53; ncdi, 32; bark, 180; breast, 54; belly, 15; legs, 
124; iiniw, J)S| and sisccra, 83, Testut has written an impmsivr tome of 
flflCi pages. Lei anottudiet tnusiulairet fhti Vhamme, 1884, which deals 
mostly with variations found in the muiurles of the human body, 

None of the paireil muscles oversteps the midliiu; which divides the body 
into right and left halves. It » not unusual, howeVTr, for a piair of muscles 
to develop more on one aide than on the other, resulting ordinaTily In right 
and Irfi handrdiirsN. Statistics show that nearly 5fi per cent of birraankltitl 
are ‘'righlhaiuled;’ aud eonaequmtly wc may be said to have a righthanded 
rivilieatiim. ThU! is recc5gniit«i in the way vre make our screws, scissore, fire¬ 
arms. watches and clocks, buckles and buttonhdea, coffee milU and haiid- 
orgam, violins and flutes, and in the way we shake hands. Some famous 
[efthaiulcrk who made a nouble tmpresion In a righthanded world arc 
Lcomirdo da Vinci, .Vfirhclangeb, Holbein, Menzcl. and Napoleon. 

The bkepi tttuscie may be taken as a typical rcpmcniadve (Fig. 579] 
of a muiHrlc. It consists of an enlarged middle portion, the ieffy, with taper- 
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ia^ endi^ and is ^urroiindcd by a conoccLivc tissue siieati which ai ibc mds 
liccuniTA corttinurnis with l^ndons^ that in timi merge iniu Lhr periositum 
tnsheathin^ the bone:®, thus sc^wing audiorage for the muscle. One end of 
the muicic, the puttetum /ixum, where ii b attiiLbed lo the must stationary 
part of tlic skeleton ^ b the The other endt 

the pnnclum tnobite^ where il coonccw with ibc 
part of the skeleton wliirh it raoves^ is the tnrrr* 
tion. Upon the conlraetion of a iniisde the loser* 
tJon k plirays pulled lowards the origin. There 
may be several insertioiis, as in Uir scrratiir mus¬ 
cles along the badt, or tiiere may be more thiui 
a single origin, lor exampie. in the bicep?^ there 
are iw^o frrcsrnt, gi^nng it the name '%Hep«/" 

Sotnctimc5> as in the trap^iius itiuscde, w^hich 
moves the head ain;i shoulder, the piLnctitm fixurn 
may become the punctum according to 

the mcnTment to be dfeexed. 

The wide range of varialion in form fFig- 
530) SA a nct essary adaptatloD in the accom* 
plishment of difierent movements* The original The biceps thus- 

form of rmhry'oriic muselra shows slicets of fibers^ leriktii* {After Mo!Iter.j 
or cxitnditig l^etw^cn partidims of con- 

netti^'c tissues, similar to the arrangciiictit of muscles otj the sides of the body 
of a ft<;h. Out of thiN primitive alignment modibcations are initiated (1) by 
delaznlnatJunt nr splitting flatwise^ (2) by splitting lengthwise; (3) by 
proximcHlistal di^Tsion- and [4 ‘ by varintj& dcgtvQ of fusion. 

The shapes that miisrles Ui^ume also exhibit a great variety- The word 
iisclf [mustidus^ litllr mmisr } indkates an originally rather compac t form 
that has undergone? much adaptiv e stiramlining in ^ucecsifnlly accomplish- 
Ing dilTcrciit mewementi. The muscled of the limbs, are often fiisiform, like 
the sfiape of a single smooth thum le ccU^ iince this type h less hidky for the 
amount of muscular tbsuc involved than some other sliaijes. Triangular 
muscles appear whcjr: there are broad origins and narrow iusertions, such as 
sire found in ihe ddtotd and perJoratis group(!i. Sheri musdes occiir in situa¬ 
tions like that occupied by the diaphTugm, where the work to be performed 
15 best sensed by tliis nmrphulogkal fdmu 

1e is not alwa >3 ear>. as almwly pointed out, to delimit a musde, because 
of the diangcs brouRbt about through fuocdonaj necessity. The bcai 
triterion, however^ for homdogiring a muscle is ib* nme supply. A ncr^i: 
once assigned to do dncy with a -Darticular musck follows il through all its 
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vicbsitudcs. juHt as a faithfuJ dog, trotting Ijehiiid its master, «r>t» to 
identify liim, regardless of the different costumes or disguises which the 
nruuster may ataumc. 

A striking illiistration of the constancy uf nerves to transforming muscles 
is furnished hy the phremc nervt that supplies the diaphragm, which is a 
migratoni muscle laid down originally far anterior in the neck nrgiou. With 



Kipi^ SuftrHrriiil mkudf^ nf the 

bm'k. (AJict Mfiirii,) 



Fhfp jSI. Tflf UmidoTt 

Jn bkf'l^T nhowin;? 
Itfiw ilur Mmrk wliidi 
da may be applied at a point 
3«HEic difranrt Imm the muf- 
cic tbelfp 


thr Imckwnrd shifting of the heart the diaphragm finally cusumes an 
alMlominal pemtion remntr from the mrk, >iet the phrenic ncnc, althotigb 
made up from the third, founh, and fifth cervical ncrvc», goes out of its way 
to retain ctm&ct.'tion with it and to pmelaim its nrtgiti. 

As already indicated trariotu, fit sinews, are means liy which muBClcs are 
attached to bones, and in (his capactiy they serve, a double purpose. In the 
firat plate they enable soft, delicate, contractile muscles to gain a firm, 
tenarinm grip upon solid skeletal parts, whereby motion may be efiected. 
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I'hcy alsn enable larg€ muscles that make up Uie buJky part af the body to 
lx: pSLckcd in out-of-the-way situatioiw. sometimes at eonslderable dmaxicc$ 
from the work to be performed^ where they w'ill not tfitcrfcre by their bulk 
with the free movrmcnl of the joints. Ibc "umdaii of Achilles” { fig- 5BJ), 
like the clerlri£ cable that trammiLs pjwer generated at Niagara Fafk to 
industries in the city of BtJfalo, fur example^ is the mrxft cBiciewt arrangr- 
mem fur die ankle to have, becauiic muscles conncciitd with it arc 
Lonceturatcil oul of ihr w ay al ihe '^caif of the leg ” rather tiian around die 
ankle iisclf, where they would interfere with the freedom of I he ntnvetnenls 
they are ilrtailed to perform. 

-Miisclcs gcnerkilly arc cncaseil in conncdivc tissue sheallis^ or epimyduniy 
which arc nricjfe or less contiimous by means of connecting tendons with 
similar prrirftteal shraUt^ surrounding skeleml parts. Connective xi^iw ele- 
mentis p^mytfumt. aho extend even between groups uf muiacle libers them- 
selves, separating them into irrcguLir bundlrs* or 

Sciractimes oNsificatifins cjceur, embedded within icndotts at points of 
frictiDn. These are called tlic mtffli conspicuous example 

hr.Log the kjirc-cap, or mmtitmcd in die prrerding 

t hapttr- Sometimes an cntiie tendon osstties. as may be seen on the sides of 
a turkey? “limnistick.” 

The topographical rtlationship of neighbonn^ muscles to each other and 
ta the btJic foundaiion which they surrosm J is typically Itidicated by Figure 
5tl2„ ill which is represented a diagrammatic ciros* sc el inn of a cat s front leg 
above the elbcjW- Blood v-i sscls and nmes ai^- shown between the muscles. 

MovcmcfTta fjrought fthout by an: described by a rarirty of 

terms^ including: flexion, extensionn adductum, abduciiort, rlcvatimij depres- 
si [in I rotaiinn, constriction, and dllaiioiii Fi^xi&n is the brnding nf a part, 
as of the arm at thr ribow, while is the upposire action, the bring¬ 

ing- of twD parts into Ime >vith one anoibcr, as in straightciiiug the amn 
Addutthti is the RwUiging of an arm or kg vcntrally, usually toward the 
median plane; the fippaj^Ite actinn^ ubdurtioti, is the swinging of du- 
appr.ndagc dorsally. is the pulling of a part dtirsally, hif txample 

the ""drawing back” of the shoulder-bbdc (scapula 1 or ihc raising of thr 
Isiwcr Jaw to ckist the mnuih; the drawing of a pjirt vmtrally 

and meiudes the "‘drispping” of the lower jaw in opening the mouth. 
Rotijthn of parts on imc another inriudes or the tuniing of the 

palm of the hand to face npw'ard, and ftfontitwrij or the Uiming of the palm 
to face downward. Cpnsifidmn h the function of sphSucters, surh a? tho^ 
which dose the month or anus or reduce the size of the pupil of the cs’e; 
diI^lw7t is the opposite actlon^ by mu-vcies which enlarge the opening* 
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-5®^ XfwsclCT nf lilt frcmi leg af fht C 34 ip cros^vMctional vicwl 
P roxinujl f!trT^fUj'faf£- <if ihc tiglu Icjg, err dlemi col-«]rfpi.fe o| thft left 
fFrojif SayJc^ l/nnW /uf C4}nifntfaiwf /Irrfilc^nT;)^^ copyrighl 193B, by 
pcfitiifliioii Tin: ^£uE2iiilIuik Ccnitp^iy, publiilieji,) 


V- EMBRYOI_OCY OF NfLTSCLKS 

\VIieii iTic3<idcrEii entirr^ the the in ^xrtebmtcr devdopment, there 
» much more of it alcn^ the side of titc embryo, e^m^walty^ thait 

on the ventrd side, kypomfrirttUy (Figs. 115 and IJ6), This distribulion la 
not true c»f invcnehmtrs, such ai annelid worms. In which the mesoderm 
is about equally disirihiticd all around the body. The reason for tlie excess 
of mcsrxlcim along other side of the jurtorhortlaJ level in vertebrates is that 
this region, afler giving of! dermntonifs and sctcroiomcs. becomes the myo- 
lames, or mttsfle ptales, from which nearly all ol die striated musdn of the 
lH>dy are dcn^ctl, liVhiie the major parts of the myotcniits remain alongside 
iltr developing vertebral column, portions grow vcntrally into the ttgion be¬ 
tween the parietal mesodenn of tlir hypomerr and the integument until only 
a thin sheet of cwmeetivc twtue, the ivnlrfti $fpium, lies between the ventral 
emb of the myoUimw derived fmm opposite sidta of the body. 

During these cmbrymiic changes the muscle cells, originututg in the epi- 
mciic myotome, become rrarnuiged so that their long axes come to parallel 
the tong axis of the body, while between the tnyotomc tnasscs are dcxttloped 
mcacnchyme partitions of connective tissue, myoeommiitaf to whJrli the 
muscle ^rs are primarily attachwl. Thr end tesdi, at well shown m amphi- 
oxus (Fig. 13 ), is a scnci of <-shaped mtirefe pfarer, extending along (hr sides 
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of the body aiid scpar^lcd fmm each other by lUyoconimata* These trmsek 
plates are destined to fonn the ajdal muisrJcfi of the t>r>dy from which the appen¬ 
dicular muscles secondarily bud fcirth^ as soon as the skeletal parts of the ap¬ 
pendages themselves arise and lumish a foimdation for muscnlar attachment 
Even in man (Figv 583) the 
cinhryoDk nrrangement of body 
muscles is metameric ac fim:, from 
which primitive arrangement the 
cum plications of ad ult muscula¬ 
ture art ^ul^ecqucntly derived* 

Involuntary muscles gcucr- 
•iDy are mesenchimal in origini 
but the muscles of the iris, which 
cnntrnl the srac of the pupil of the 
eye^ arc cctddertnal. 


\T. KINDS OF VOLUN- 
l ARY MLSCLLS 


In Thi Hi^ory of the Human 
Itody, I9li3, by H, H. evader an 
excellent anal^'sk of the com par* 
ativc anatnmy of the mumilar 
system classifies the volunury 
Jnuscloi under tlir« groups^ 
namely, metameriCf brmckio* 


F%. 583. Scheme to lEliLftrate the dispa«ftlon 
of the fnyotciwic^ in the hwiniin emhiTu. a, b. 
the tint three ccpholk myotomes; s, 1, 3* h 

tilt penrhtmg cepkidie mjtHQme*; c, r, L, 
cA, the m>TnciniEi of cervkal, thantcie, tumb^i, 
^cjruJ am! catidal regidju^ Ruti^ irummitt 
tcFer to cranial nervta. (After Cunningham.] 


meric^ and integumentd* 

The meiafTtrrk group, which EUcIude^ the axial and appendicular mus¬ 
cles, m reatily takes in most of the mmdt& of the body. 

Branchiomeric muscles are associated with the primitive splanchtiocra- 
aium and itA derivatives, while the integumenial group conristit of Tmisolra 
dun have split off secondarily from the two preceding grovip^* and have 
Eaicn up major a^ociaxiom with the integument rather than the skeleton. 

Ihc voluntary striated muscles will he bricBy conrideted in the follow¬ 
ing order: 


1, Metiuneric 
(I ^ A?dat 
(a) Head 


J. Eyeball 
2. HvpogfosaaJ 
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(i) Tfuiik 

1. Vcfltnil 

2. Don^ 

(c) Diaphn^i 
[ 2 ) AjipoidlcukT 

(d) E^ctiiiiisk 

(i) lunioj^k 
2, Braird] iomenc 

(h) Vth tranJid nerve group 
(b) Vllth cranial nurv'c grtiup 
ft] IXtK craiiial nen'e grutip 
{d) X-XItL craukl nerve group 
5. rntrgiimcnkk] 

L Metameric Miudcs 

^ t) AXiM, HlT^ci.r.s.—^Priiiiarily iht dj;jat mtiscUs, which are the fint 
to appeal both cmbryonically and phylcfgenctically, are arnuigpd with 
regiilaiTty in myotomes Jouti che^de of the body^ filing iiiio each other lilcjc 
a ncsi of ^POtu% There rnrty be sixty or inorr pairs of these inyotonies in 
amphioxu^, miying somewhat in syTtunciry m\ both sklca of the body. When 
their longitudinal Qbcjs coiiiniti, the) exert a ptill upon the itiyocommata 
that ftcpamlc ilie niy^Hon>C3 {mni caidi othrr^ and ftceondarily by ihii means 
upon the stiff notochord, the Duier sheaih qI whldi is iiontinuous with the 
myocorninaLa^ 

The mytitciinrs ure all praetieaHy alike^ though diminishing in size 
toward the tail. Wiiii the advent of the hrjid m Mies the fiist real mridiritia- 
tion of this primitive form of miiseuliitiiir appears in tlie furioa id some of 
the myotiimcb and a coiwi^uetit breaking up of the regular metamerism of 
the axial muscles. 

(u) Ikad-SlctiU mu&clrs am few m number, licing rediictd in carrxftn^ 
tfccm wrth the mcn^asing absence of movable skeletal pan* in this reginn.^ The 
three anterior pairs of myotoincs f Fign 583) become the xix pairs of mtistde^ 
that move the eyehalb within their sockets [Fig. 584). M these miisrics 
are quite comervative, thty^ exhibit only minor modifjcatbm tbrnughiuji the 
vcrtchrarc series. The mim anterior identiOahJe m> oiome, which h supplied 
hy the iliird cranial nerve {tjrulommnr,i* given rise to the superior fvetus, 
the inUrnett rmus, tile inferior rmus, and the inferior oblique luujc/er. 

The myotome next ptjsterbr, which h supplied by the fourth cranial 
nerve (trochlear), becomes the mprthr oblique and b followed, 

after ii gap that probably irpirsctits a inlstimg myotome^ by qnrc ^ipplied by 
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the sixth cranial iicr^c (abducens)^ that is respcHiflihlc for the exti^rftat 
rectus musde, ajtd also Lhe setmetor bulbi which fir^t appears in amphibians. 

InrideiiLiily thb hitter miisr.k ha-s a niikiuc funcLion, for in addkmii to 
pulling down the eyeball of a wtiich pops up like a jack-in^thc-box as 



Super (or Ohliqiw 


Superior ftech/s 
I Externa} Redvn (CuO 

TrochKeor N«i 
Superior Oblique 


PnFerior Obfiqoe 


Superior I?ecfui 


Ext&rrK }!'—^ 
kfictm 

I Abducent Nervie^ 

\ Infe^dor R«}i» 

^ fnlernal Recti» Inferior Oblique 
Optic N^rve Inferior Hedu?'' 


Ocukimntof Merve 
/ 


Rectus fnlernus 
Optic Nerve 


A 


B 


Tijt* 584 - Eitrinstc vf the left eyeball of man, a, idtie view; e, 

viewed from lidiind. I. Freurt Neal arid Rami, Campuftaiurff /tparoiFi),. 
dupyri^hi 1936 , by perrnissitm of P. Blakiitoa’i Son and Ck?mpaiiy^ pith- 
lidicTs. After Wairea ind Carmicfeid.J 


sexm m the Tniisck is relaxed, the retmetor bulbL, in the absence of a hard 
pfdale, enables the eyeball to aid in gripping whatever straggling prej' may 
be captured within the mouth cavity. The pirhension nf Food the eye- 
balb is a unique adaptation not ^ncrally ^mployeij m the uiiIrtLol kiugiloml 
Included among the derivatives of the myotomes of the head, in dl 
veTtcbrBtcs caccepi fi&hcs, are the muscles supplied by the Xllth crEmial nerve 



Styto-Hydd 


Slyb-GloMl 


M+yo-Glonal 

Gonk^Cbwl 

^rG*nJo4fyoid 


Myt^yo^ 


Dlgoddc 


Fig. 585. Extiinsic i>r dir hiimim tunauc. [.\ficr Gcgcnbiitir.) 



^5-f Biofog)' of the Veriehratcs 

I liypogJrjsai), This nerve, with iw muscle sclents that have to cio with the 
tiiii^uc I ("ig. 583J |>n:>bah!y irprcscjits tht fusioa of sevenil ncuro-mtisciilar 
units iliat have ly^cix iurorporatcii intu tltt bead irgioii Irum tin: (^itnun-rric 
veriehnil scrit‘34 at the anterior end of the splui\ tn most venebratts litcsc 
miisct^, nmiiely* the iiytitg(o 5 snI\. and gt^fiiokyal^ are exlritiaic, 

thai is, lint fumuttg a part nf die tntiguc iUndf^ but m tiiamni^ib an additicmal 
nikwtrk, the imruisir /mgwff/u, makes up the bulk of the fleshy tongue. 

{b) IruiiL'—III ainphkmj^ and cydmtornt:?, without a definite lateral 
line, the intt^Jea of the trunk and taU are LtijcJifFrrenEiaied, hut in fishes 
they arc divided as a mle by the tionzonraj skrlctogcnous sysitcni Into the 
^paxial and hypaxml regions wlikl'i ^rc suppliird respectively liy ihc dorsnl 
and vmtral ratnt o( the fipmat nerves. TTu'se two general nTLisculur re^dniis 
iiiidergr+ different fates in the eourse of further evcilulton yjsd development. 



LftVQ^Grat Areuvm 
Dtgoi^rii: ^ 
Masse^er \ ' 


^Trapeiiui 

Dmalb Scapulc^ 
/ ^Urtinimut Dona 


Procorc}cohuni4fialii 


Raduv Abdomina^ 


Epaxial 1 

/ Hypo*fal J Wwelfli 


-HoftzDTltol 

Seplurr 


Tramvenus 
bnfflftHil Ob1lqu» 
£xt*fTHil ObllqiJA 

Fiff. 506, The miueulatuiT ol a t^ilanmiukT, {After Biituditi.) 


The Vffttrfd ttuni ^fturctdniurg of umdcles becomes dclaniinated into 
lour sheets of muscle with the ffradud tjljlhefiilion of the myocnmmatfl ihat 
separate the myoLomes frtim eat h other. Along the mid^tntra) lines ort both 
suits of Ute Inwa alha, the mttscle fibers still retain thrir original longiiudmaJ 
mrangement, toEcihcr forniitig a flat Imd of muscle, tin* Ttetas ithdfimhh. 
Ijtlrmlly. however, the body wall is cnmpnflcd of three layers, with the 
llbrts of earh Ijiyer .sssiiming tlifirrmt ihreniona. Next to Uie peritoneum 
the inntrmo^ la)Cf, or irflnn'eriifr (ihilotnifiis tnutclf, has fibers tending tfi 
nm anjund tie body at right angles to the loitg axis. DiiLside the trans^ vr^rtis 
arr two diagonul lass^rs, the intfmnl and €xli'fjnii obliifue niusctdii, itavint; 
filn-rs at right angles m each othci' , Fig. 

Tn reptiles such as lizartU and alligatnrs, the ventral axial muscles art* 
still fiirtbrr mmlifiril in the ajitcrinr half of the tnink region hy the TntP> 
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ductioTi of cnriixlmg ribs. PcstcriDrly Ui the belly region the onginol thiTc 
layers of niusi^ltw ranain uiiiJiujiged. bui anteriorly in the thorado region 
Uw oblique muscles become broken up into and oiler flit/ inicra^sial 

mtue/ei, which extend from rib 10 rib and aid bi respiralory nuj^etnentb. 
In the neck region in front of the ribs the oblique layers ftimish material 
for the ualenui 

Amnng birds the oblique miisclo arc poorly developed, the tniiLs%Tniu3 is 
absem, and the rcciuii abdorqinLs, reduced m ^isoc, is posteriorly unseg- 
mejitated. This suiniJkt cd the ventral axial miisijcs h compenfiated^ bow- 
ever, by an excessive cliiboranDii of the appefidicular museJo. ctf flight, 
which come to overlie the musclis of the body wail. A iamiliar example of 
them ia the '"while meat'’ qd the brea^i of roa^t chicken^ 
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Fig* 567* Tbc Dnjjciri c-il- I AJtf!r Stylet) 


Thr oblique muscles in rnamniab gi^ e rise 10 the initrcftsiai atui jerr^rim 
mUfcUSf w^hicli cams to assimie ciiore of a dnrxal than veniral posiilon, 
although still supplied from the venlral branch ^sf the spinal nerves j Fig. 
597]* Other uiamm.ilian muscles of ventral axbl origin are the psoas 
f72u^dci of the fifK^ieriur abdominal wall, and the colii mmcl^s nf the nrrk 
rc(rion* 

Furthertnoft, cvm In. the frptiles die rectus abdmnini?; musc le its 

primitive character by the intmducrjoi] of the jieEj&tecnuiti, to that it b 
hrt>tcii up lines prratenial and pofitstrma] parts. S^>me of the prrsirmal 
muscles are the iifrnohy&id^ sternifihyroifL and ihyrokyoid of ihr neck 
region. Tlie postsirrnal muscubUire rrtBins somrwhal mute of its primitive 
character, even up as far as the mammab, where tracres of the myocommata 
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ill the form of the insiftiptiones tendineof may atiU be scrii through the skin 
as depiesiuns of triuisvefse connective tissue intcmipUng the broad fiat 
abdominis musde. These depressions art represented by sculptois of claasicaJ 
times on the abdomens of many Greek heroes, a curious iticidentaJ evidenct 

of the retention of these teiltalc ancestral marks 
in man until comparativelv recent (fig. 

58a), 

The tnyotomrs of the tail regiim are of great 
importance to fishes, enabling them to svi’ini. Al'- 
though little modified these priTnitivc myotome? 
function adcrjuately' because the lateral move¬ 
ments of the tail are nut oimpljrated, fri higher 
ffjrms the oiiidal myotcitncs lose their original 
significance^ and become reduced into niu.vclcs 
modified suffidently to control ihc varied tall 
movenietits of siicb land anTmals as support a 
caudal appi:ndagc. Otliei^ become entirely freed 
from skeletal connection m the anal region and 
are transformed miti rphincter tnttscles^ 

Ihc dor rat axial tnurculaiurr differentiated 
more slowly, but cvrntually, with the develop- 
mctit of vertebral processes offering pbices of 
attachment) it gives rise to a greater array 
separate muscles than is found below the 
lateral line. In the comidcratioti of thi-se dorsal muscles care must be 
taken t.j avcu.J lonfusiun with the appendicular muscles with which they' 
are intuiimcly involved. 

fishes and urodeks show little differentUtion of donuU-atcia] muscula¬ 
ture, but reptiles hare gone far enough m the elaboration of the neural 
arrhtt of the rertcbral column and its processes to givie foothold to a larec 
number of smtll muscles that, with their tendons and ligaments, tie toRelhcr 
the clilfemit vertebrae. 

Tlie largest iloreal musc le is thr dorjf, which eMemfe length¬ 

wise between the neural spines and the tramvert^; processes. Gmups of 
sliorter muscles, mcliimcrically aminged, extend (1 \ from one ti-iittvcisc 
pror^ to another, intemami^errates; (2) from the neural spine of one 
vertebrato the transvTire procc^ of the one in front of h, trann>ersoitd* 
nn/er; (3) frimi the transvTrsc process to the ribs, trantversoeostalen and 
(4,» frera one spine to another, inUrtpinalrs. 

in birds the doi^l muscles of die rigid thoratk .area are largely atro- 
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phiedf except in ibt Ttcck ragion where they arc ^'cry much rlaborated, as 
may be readily seen in Uie neck of a roost cMtkeiL 

Thr doT^ axial muscles of mammals resemble dime of reptiles mihrr 
than diqfsc of birds, but are inhueuced more than in eidier of xht^c 
groups by die appendicular musculatuie which hicreasc^E much in impjr- 
lance. 

\ r \ Duiphragm.^—The lung-filling diaphragm, ordinarily unseen and 
iirLsiing but described by one appreciative builogist as the mdispmsuble 
^"crtaLor of alJ human acts/* is an organ that playj^ a ncci:: 3 isary pan in the 
release of energy in every' mammaL 

It is a domt-shaped muscular structure coming from the vontral axiiil 
elements hi tht neck region atsd a^iiming^ after gradual displacement and 
BTo%sth, a transverse position across the bottom of the thoracic basket 
Fig- !l3tj). It ifl pierced by the esophagus and by large arteriah venous, and 
lymphatic trunks, os well as by the tenth pair vi cranial nerves ■'vagus l , and 
the sympathetic trunk. Its own supply, as already stated, comes from the 
cerv ical region in the form of the phr^rme nerut. 

llie tion-tnusruW iranst ene sepitim, wliich partitions off the pericardiiil 
cavity from the body cavity ui lower vertebrates, prcjtwihly contributes to the 
median ventraJ quancr of the muscular diaphragm of tmunmak. 

(2) AJ^PEKDtat-LAR MUSCt.Efi.—Mn^clcS of the appcndageii are ilrrivcd 
frtiro myototm^A of die axial musculature, lit the case of elasmobratich liahc*^ 
fur ample, at the region where the pectoral and pelvic fins are to become 
cstablbhctl, the ventral ends of the lateral myutnroes sprout out ^nyotmne 
bTids, two for each myotome ( Fig. 5261, which later become the fin mmciei. 
Not ouly d[> die myotomes whic h are exactly oppeedte the future ftn produce 
These buds^ but sevxiral othcra immediately antcricir and posterior to them 
abo crowd together, adding contributiciQSp As a mault a gmemus number of 
nnuKiiilar d^^mcnls take$ part in the formation of die fin miBculaturr^ the 
accompanying aiigmcnied nerve supply bcinj? sufllcicni la farm a plexus al 
nervdi which adequately insures effective performxince of the fins* 

of the appendicular muKles of tnaniirials are considered to be 
primarily of myotome origin despite the fact that during emhrv ouic dewlop- 
ment they arise, not fmm tnyatuiuir buds as in fishes, but from mesenchyme 
cells which migrate into the limb-bucb. 

In general die locomotor musdes may bt ctosrified Itito two gmufM, 
extriosk Jind tnirlusic^ although the distiocticin is noi always unmistak¬ 
able. 

fa) Extrinsic Musclts -^—Exljinsic rnwrefer serve die ginllcs and the 
pruxiinal ends of the appendagefl. They connect the appendngeft with the 


65S 


Biology of the Vertebrates 

axi^l skeleton And ^lD^'e thr limls as a whole, IntriHiic masiteSf on the 
other hand, have both origin and insertion liic uppaida^es, efferting 

JiKiveincnte only In parts of theoL 

Among fishes the citrimic group » most in evidence, consisting of eleva¬ 
tors and depressors, which lift and tower^ and i^dactors and tidductors, 
which extend the fins and hug them nexi ihe body respetriivcly. All of these 
muscles move the hn nj ij uru, and since there is little occasioii, in the per¬ 
formance of mass movements useful in a water mcditim, for the nkxties 
uf niDvancnt effecied by intrinsit; tnuscirs, these arc abeenL 

Tile extrinsic muscles of the pectoral appendages arc better developed 
than those of the pelvic appeadagis, owing to the difference in attachment 
of the respective girdles to the axial skeletoii. The girdle of the pelvic 
appendages is iuichored securriy to the backbone, and so dicy require fewer 
intermediary' muscles than llic pectoral appendages, which are often entirely 
irnattachcd by direct skeletal clement!. In the ptxitcjtal appendages, particu¬ 
larly of birds, the extrinsic muscles nrach a high degree of development, 
being packed for the most part on either side of the keded sternum, and 
quite covering over and obscuring the axial muscles. The muscles of flight 
in a pigeon, for example, may equal as much as one fifth of the entire 
body weight. 

Iiiiritixic Afusdes.' The iitinnsic mujr/er of the appendages, whicb 
iirrrease in number with the cstablishmcEit of systems of appeiidinilar Icvcm 
In connection with land life. Include pronators, lupinators, and other rotn- 
tms as vi'ell as evicnsurs and ftexint of the forrarm. shank, hand, foot, and 
digits. In primatra, including man, these muscles are more primitive than in 
many other v'ertebrates. This is because the generalized pcntadartvl skeletal 
Iruntework is si III rcLiincd in pninutes, while in many other vertehratts 
there b a rediictioti ol distal skeletal parts and a comcqucni modifirmlon of 
the musciUaiure. 'i’hc generalized pentadartyl appendages of man are 
among the fariniw rontiibuting laigrly to his dominance. More pctf^ihlc 
avenues of diversified activity are by this means left open than when estreme 
sprcializatitm takes place, as in the flipper of a whale, the wing of a hliil, 
or the leg of a borw. 

2. BrancJiiomrric Miucirs 

The muscles of the splandmocranium are derKvd from the ventral 
hyptvmcrir parr of the mesoderm which remains after the myotomes have 
become established, T^- are associated with the skeletal parts representing 
a "boom that failed," in die evolutionary' sense, CorBequendy they undergo 
many makeshifts with the modification or disappearanci* of their original 
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skcktal connections. ITiest niusclts of llic sjjlLmdiJiocfamiim, although sif- 
ceral in odguit striated and voluntary in action. 

The brmichimricric musculature is most cvidait in dasmobratuli itshes, 
where lour jn^ups acconling to nerve supply may be clearly disititigubJicd, 
namely, the trigrmmaJ, facial, gUifst^pharvTtgeal, and vagus. Despite all oi 
tile eliattges in the branchial aidies from dasmobninritM to tnammiLls the 
same four groups of muscles arc retained rn higher ln(ttn& 

To die trigtjmnai'neri’g tV), or mert<//W<iir-<jrcA. gri>a;> belong such 
inuficics of mastication as the femfutrftJU and matteln, which raise (be lower 
jaw, and the anterior belly of the disaHrie, which depresses this siruetunc. 
In man the maaseier, which runa from the bwet ctigc of liie malar bone 
to the outside of the luwer jaw, may be ea.sily tlemoiistraic'd by placing 
the finger tips upon the cheeks in frinit of tlic ears and biting the teeth 
tugethrr. In the same way the temporalis may t>e located by prcHsint^ upon 
the temples and biting. Auuiher member of this group in mammab is a tinv 
middle-ear muscle, the tetisor tympawi, wilii its insertion on the malleus, a 
licriv'ative of the embryonic mandibulai ardt, as we have seen in Chapter 
XVII. 

The fttdat^nerve (VII), or kfoid-atek, grctup includes the stylohyoid. 
extending between two parts dmved from the enihry'imie by old arch, and 
the posterior belly of the digasttic. as well as the muscles of facial rspreaskm 
described in the section on integumentary muscles w'hich follows, 'rhr 
ihtfNfdim. which is ttKcited on the stapes, a derivative of the embryonic 
hvomandibular. is probably the smallest striated muscle in the vertebrate 
lk>ily. 

The ghfsofihorpig^nl-nfnv (fX) group, assori,ned with the first-futic- 
tJonal-gill arch of elasmobnuichs, contributes to the pharyngeal musculB- 
ture nf maitunab:. 

*I*hc vaguf-ntfrr^ (X\ group includes the mtisdes which spread open 
and close the last four gill an hta in fEspiration in clasmobmnrhs, and so 
long as they Temaiii in other group. In higher forms, when the spithtl aotes- 
tory nense (XI' becomes admitted to the fraternity of 1 ranial nerve, si joiitv 
with the vagus. In mamnials these two nerve together innervate most of 
the pharyngeal muscles as well as those of the laryujn In addition they 
supply two nuisdcK connected with the pectoral girtOd, the |ropr^*Wf and the 
SterTiodoidomostaid. 

3. Intcgumental Muscles 

‘file inttguffientul. or dermoi, musdet split off cmbrv'onically from the 
iindcriying skeleul mitscles. While in many cases rrtainbg their skcirtal 
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orifjifis at enc eod and Lfisertijif under the skin at the other, they .HKnedtncSp 
45 in spbinettr muacleSj Itise all skeletal cctnnection. 

The dglii-skinned fishes arc without any dermal musculature, and 
Limpliibians have only a trace of anything of the sort in the tiny muscles ihat 
open and close the lids of ihc nostrilsu 

Snakes among reptiles use tntegamtntal muscles in iDCoitiDtion, for these 
muscles enable the scales id gee a grip on ihe gr<mnd. This fart can be 
easily demonstrated by placing an actiip'c snake upon a level surface of glass 
and observing the difficulty it oiOHm^crs when the derttial muscles art thus 
made mefretuve on a surface that catmot be gripped by scales. 

Bmht Huff the feathers by niean» of hiLegumoiul muscles^ in this way 
changing the thickne^is of the layer of warm air hdd nc^t the body to 
regidate the body temperature. The Kurallcd museUs iti the web of 

a hird^s wing, that assist in Ifight^ i^clong to the intcgumcntal group 
an: derived from the peetDrahs muscles of the bfrastj together with variouB 
muscles of \ht shoulder and arm. 

It k in mammah, however^ that inlcgumental muscles reach their greai- 
rst differentiation» sening a wide mngc of uses ffotn defence to the expres¬ 
sion of the emotions. 



iTg. 5fl!X EuroiicacL hrdgehng, Enjtftrruj, wiih the ddn Temmrd, ihnw- 
kiiK iht rnjiiuet Iti wi^ich il toUs uji by cniLtfaiCtliiji oi tlic mteguoirrital 
enui^eubinre. jx^^fiirr N~yhn.) 


Under $km mmdet may be mentioned (I) ihofie which cause 

hairx and briailes to stand on end in tcrrilying fashion, as on the tail of a 
frightened cal or on the scruff of an angry dog's neck; (2) (boste which 
erect dr.fcnrive spinw or quills, as in the nkin oJ die 'Hretfid poreupme ” 
Erctkk&n; (3) tlinse whirh enable aniruiik tike the armadiilos and the 
European hedgehog Etinaffm [fig_ 5B9]^ to roll up into an impregnaJ^le 
ball; and (4] muscles which tend lo dklodge annoying insec:^ hy causing 
the akin to shuifaer or iwhch, as on the neck, shnuldera. and die anterior 
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lido of A horse, but wliich an: less evident or necessary od the hips and 
flanks within reacii of the swishing tail (Fig, 590 1 . 

Intrgiimental muscles play a leading ink in the expretsion of the emo¬ 


tions, particularly in tnaiiT This phasi 
subscicncc by Lavatrr (1741—1801,) 
Physiognotny, Ctiarlcs Danvin had 
something to say on this theme in 
his book entitled The Expression of 
the Emotions in Jlfan and AaU 
mah. 

Generally speaking there is no 
{^eat caqirrsiioti of the emotions by 
means of facial muscles in the lower 
aniniahL The '^‘slate of the mind,” 
whcllier it be fear, anger, or excite¬ 
ment from any cause wltaisoever, 
is usually siiown by jnovements 
and attitudes assumed by the 


of biology has been elaborated into a 
and hb disciples under the tiame of 
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body, rather than by the action 

of the lilfiii muscle? of the face. Most animals may be said to have a ''poker 
face," which dues not reveal what may be mentally happcuiiig behind the 
facial masL Whatever expmsion shows is usually centered in the eyes. In 
the rigid face of a fowl, for instance, the lively eye gleams like a jewel, 

.^moPg camivorciin animab and primates the dermal muscles of the face 
lake on character, until in man it is the evanescent espres&inn wrought by 


facial, or '‘mimetic,'' miisidca, so difTiciilt to analyse and to Image by the 
artist, that remains in the memory long after the form of the body [a for- 


gotten. 

ITic facial muscles that are most expressive Jn man and least developed 
in brutes arc those loratcd at the inner cxtretmtics of the eyebrows and 
at the angles of the mouth. 

Voluntary in tegumental muscles fall into two general groups according 
to their ikriv-ation ; fiirt, the >ffa«i*if/irt <r<jrB(«iir group from the btissimu? 
doisi and pectoralLs muscles, and second, the xphimter colli Hroup, Itum iliv 
hranrhiorticric imisculatuTE of the hyoid region, under the dominance of 
the seventh pair of crimi.il nerves. 

’ITic pattnietdus caritoftir it* particularly evident in mamnials, iilthough 
somewhat degenerate in man, and with only primitive traces showing in the 
lower vertebrates. It is a thin sheetlike muscle tlial tends to wrap alaiut the 
body under the skin, iu manotremo ii extends over thr entire body as far 


6()2 Biology of the Vertebrates 

^ the dmf.n, Md include a sphincter marntpu\ and a spkinei^ 

In the rorqual. Bnt&fnopfera. it likcivlsjc extends from the mouth to iltc 
aniiH, whik in Ihr “right whak ” BuLicnH, it is rmrkied to tlic hrsid region. 

Kra^miis qf tile eniflopbig pannJcukt£» camoaitis reinaiji in the 

itxyinry, iiigtojiah and sternal rtrgions. These fragments makjt up the shnd- 
drrinE miixdrs of the nhtaiiv refrrrrd to, and ilie musselts liy whirh 

a dog shakes iL?wdf. Ihere k iiIsd i:icea^onal]y a Stern alls muscle under 
liic skill ajid supti lk-ta] to the pcctondis, Vkhicit k sametSmes visible iu man 
H'hini well enciiigh dewltspcd. 

Thr prregressive sphincter entfi group of intcitiLm^tiiry musrlc?s origi- 
itidljr tiESociated whh the Liyoid arcli, k ^upphrd by the lacial (\TI) nerve* 
In such nmiTiaLi as turtles and birds it is a vvdi-dev drjped group of niusi:ic!!s 
onv^rapping the nrrk. Duririg its evolution it migrated forward and ex¬ 
pan dr d as to spread over die head and down onto the shouldeES, iiectim- 
iiig dMFcrrritLited into a miperfiebiJ sheet of tiuisdc de?iignatcct as the 
ptutjrma and the dreprr lying sphincter roflf proper, 

Willi the upgrowtli of the traniuiii that p;irL of the platysma extending 
over it bcLomra. divided into an ocripitai and a facial part^ scpaniled by a 
broad sheet of eonnertive tissue, the goieo 4i^FifMrrpnVrti that stretches over 
Ihe top of the erajiium under the skin. 'JTie facial parLn of ihe piiitysma and 
sphincter roUi may \k daptriTied into four groups of must Ics in elooe a^ida- 
tino With the uiidcrlyuig qausde^ of mcxsriralfoo. These arc the muscles of 
Ute exiemal cars, cycbrovi's, nostrih, and lips and cheeks fFig, 5911, 

Thr niKfcfifr n} thf exieTnnt eatf nanicly^ aurieiJam anterior^ posterior^ 
and supetiiTT^ enable an aniinal to turn the pinna of the external ear icmard 
I lie sourer of sound vsithout changing the p4^ki£;in of the head Thev are 
heller developed in animak like diigs and hordes than m man, although frag¬ 
ments still remain enabling some hi(h\iduaJb to entcrLain their friends by 
wiggling their cars. 

'rhe group takcx in fuur miirdrs: the fronudis^ ^bmJtms oruti: 

tevfiSor pidpehrue sttpetiaris; and corrugntor supfreUii or brow-wrinkler* 
'IIjc eyebrow has been ptxrilcally described as “the rainbow ol peace and *hc 
ftended bcrtv nf diicord."" 

Three more or less well-devcSnprd mtisclrs of the noslrU group are the 
leu&Sor iabii superi^fit ci {dae nasi, hy means of w^hicli man as well ns Ijcasi 
and ^ntirb; the nam ami the eoNtpressar nurtit hy ntcarei of 

whirh rabbits .tnd men wiggle their noses. 

FitjaJly, the lips and cheeks etmikw of a strong .sphimner tnii^ck. 

the orhieubmt ons around the mouth upenhig, fnmi which mdiatc ^xral 
other museiKL. Of these the risorius mnscU. atlarhrd at the comers of the 
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nmuth opening pulling li^teraHy in oppositr dimrriDm, and tlir triangu- 
taris^ piiillag down the comm of tht mouth, scr^^e in hnoiatiLmd in express 
die divcf^e emotitms of laughter m\d tcara. Tlic btieemc/eJr mtikes up much 
nf the cheek vralL 

Tile facLal muscles of expresiou of the eau" group 
may be regarded afi regresHvr^ or degcDemie, so far as 
man k concerned, having disappeared cnlirtly tn a 
considerable pcrcciuage of individuaJs, while the 
cIiolugTcal muscles'' of the face that aceompaiiy in¬ 
creasing uitelligence and rtiach ihcir bighcsi diiferen- 
tiation m man, arc pn^grestiue muse Ign* the cvolutton 
of which bt by no mcaii5 yd compIetccL 

VIL ELECFRIC ORGANS IN FISIU-S 

En a few ^crptional instances among elasmn- 
branchs and telcosts^ for example^ the electric 
lav T'fir/ji'ffij; ilic rlettric eeiv Ehxit&phorui and 
Cymn&iu^ { Fig. 592 ); the star-gazer .Ltrorcoputi and the African AUhp- 
ifruriff, certain miniilcs have become inaiisfomtcd into electric organs, which 
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in the emergency of an atUirJt ntn deliver a ^llork, more or leas effective, tp 
other animals. The voltage tif Uh' disehar^ by adult specimens of Electro- 
pkoruj has been found to average 370 volts hut one case baa been reported 
of a moximuTn dbe barge of 550 volts. 

Stmcturally these electric organs cotisiat of a nuniljcr of regulariy 
arranged elements, called electrof^itxeSf put together tn histologicaJ layers 
that resemble aJlemating plates in a storage battery. It is not difficult tq 
Imagine how these structures have developed from muscles, ^ct normally 
muscles In action discharge a certain amovmt of dectridty, The fact th.it 
the mcchiinuim, although developed in different parts of the body Li 
different species, b always derived fnoni muSTuIar tissue, indicates that it 
b a physidogiKiI adaptation and not a murphoiogical inhmtiincc of one 
spcdia Irtim atiuthcr. 


CHAPTER XIX 


The Dominating Fador-NciDons System 


1. CENER.VL CIURACTER 

It fortunate that ihr whole ncrvouJi mechatiLyn, comistlng as 

h does of sti^llllu&-^ccci^in^^ devices of various kind£« traiismissiort cables 
and mesh works, and ganglionic with accessorj' supporting and pro¬ 

tective paits, mtxy be resoived into camponrnt iintt\ both stmctural and 
functionaL and thus may be rendered mttrUigibki The trntanghng of the 
nervous Ewtrm constitutes one of ihe must intriguing cliaptm m the w hule 
^lary of comparative anatomy* 

"IIIis important and dominating mcchnnLsm is for the most part out of 
flight behind the scenes and apparcnily quite secondary to the ^skeletal frame¬ 
work^ visceral parts, and musculature that determine die genera! contours of 
the body* Yet if by sonic magical technic the entire body substance except 
the ubiquitous nervous apparatus with all of its infiniterimal ramififations 
f ould be harmlessly spirited away, thcri: would still remain in place a gauzy 
fabric of innumenibh: spidery cclb atid lliieflpun fibers that would preserve 
completely in ghusdike form the otiguial outlines of the iiody. 

"Ilie nervous system ts a conducting apparatus that receiver sights, 
soiiQilf; and otJier phv'sical as well as chemical rontaetj; in an ever-ehanguig 
rnvironment, and hatuh tbenr tan to rcnier> nf judgment and adjustment 
W'ithin the organism itself, which^ in turn rcci-iving aid from other conduct¬ 
ing mcchanmns, brings about action hy means of arousing or restraining 
contractile or secretory- imuts. Any pbysicid or ehctmcal rhauge W'hkh 
excites (arouses to activity] a nerv^e cell is known as a siimxdus. Fn>ni the 
p>int of stimulation an iii?pu£rrf* oraelf-propagaring change wiihin the nervT 
cell, passes along the cell as the *‘^Dicssagc" carried hy the "'toiBniis.^ion 
luir/* 

In higher animate such su man the mrvoiui appaiatic^ lOrludra the 
of mtclljgcnce, the stordioine of memory, and the headquarters of the 
affections and the will. Even in so-called 'lower* animals die begituiing!? 
of ihcse clcshahlr acquisitions appear. 
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*nit great iniportnucc of iLc nervoiit 5 )T!tcni is shown by cfie fact that it 
is laid down vtrry early in embryonic devdopmcnl, oatstripping aU other 
groups of tissues during the nnrt great imrush nf embrynnic growth. As 
^Virdershcim has pointed 0114 it presents coiuparativcly few rudimentary 
fir degenerate strucitvts. 


II. THE STRUCTUR/\L UNFFS 


As would naturally be expected, the rietederm, that is, the embiyonie 
tissue which presents prhnarj' cuntact with the environment, gives rise to the 
principal cell units destined to fomi the nervotrs sT.irtem. Thnsr ectodermal 
eeDs eventually depart if'cry far from tlieir original rpithellal compactness. 

Incoming either true ncr^'e cells (neurmu), or 
^ non-nrrvtius struLturts {ttfureglia which 

have a setonebry supportive t 61 e. 

Still other cells, from the cmbryoiiJc mtto- 
derm, may also serve the all-intpurtani neurons 
in the farm cither of nutritive blood or as pro¬ 
tective coverings. 

rijc nruron tktory, which is the mcist cora- 
maiily accepted working bypothesb of biologists 
concerned with the nervous system, holihito two 
propositions: fimt, that the nervoussyiaetn proper 
is entirely made up of tieurans; and second, that 
transmission of nerve Impuliics from one ueuron 
to another is by means cif makr-aitd-hreak con¬ 
tact without pmtopia.smIc fusion. 

The point of contact between neurons b called 


CtflBody 
—Nflurltfl (Axon) 

^Col)c]^sml 


a rynapsc. Tlic entire working nervous system in 
man iuvnfves sevrrali hundred million synapses. 
After dlfTcrciitlntlou from their general¬ 
ized spherical embrynnic form, ncuroiis come 
to vary entHtnonsly b size, shape, thick- 
nB.5W, .Anm^eelL ness, length, and manner of their itisulaUmi. 

The tcU IvxJy immediately stuTouiiding the 
miclciB sprouts mil into various ^rocemi, the so-called '‘iferoe fibers/^ which 
may became enurniausly attenuated and Icngiheued (Fjg, 593 ), although 
always romaming an csscnUal pan of the cdj and under immcdilic control 
of the nucleus. Thus the neuron iixsumes a fonn well adapted to Ji 5 primary 
function of iransmuBion at tlic same time that it U speJalking In sensitivity. 
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a fmiriiun Khicli is simply one of tJxe fjencral mdownicnis eommoa to all 
cells. 

By ‘’Joining tmmls” in synapses the lojiff, drawn-oul neurons lorm con- 
tiDuuiu living liridges and net works tktl connect points of stimulation with 
points of rcacuoii. In short they arc conducttjrt vrhidt, like idegrapU 
ss’ires, permit the passage of messages while remaining stationary them¬ 
selves, 

Tlic more recently developed nuttrohvmftaf theory^ points out tluif 
transmission fitim riEurem to netiron, in some instances at least, may depend 
not upon direct contact, hut be dur to the hormoilk pfoducticn of “jieuro- 
humcits” that make a bridge at the Jimciion of one neuron with another 
iivcf winch impulses may paffl. 

The extended Ginns of certain ner\*e cells in ttian may reach an aetual 
length of three (ect fitim nerve fiord to toe iip» aji astonishing span for any 
single atiimiil cell to uttain. The end of snirh a fiber is thus frequently much 
nearer to the nucleus of some neigh boring ceil with which ii may come 
into sy'naptic touch than wftth its own nucleus, 

Uutil the ncurul'fiulj. or embiytmic neurons, have aprouted out their 
eell proccsics sutBcicntly to make contact possible, the transmi^iori of 
Impulses cannot be even tempfiranly' established. Tlicse pathways art thus 
gradually set up and any break in die netWfirk of links interrupts the opera¬ 
tion of die w'hole system to some degree. One e.vplanation of unconsdoiis- 
ncss and sleep is that for the time being die integrating synapses between 
some of the neurons anr at least parttaliy intcmiptcd. 

r. Polarity 

The capacity for condurtion dmtugh valvcllkc synapses raotts in 
ptilarity, or one-way UafFic, within the indbidual neurons. Impulses enter 
uloiig certain fibers or processes and dqiart by mhci?, a mlation which is 
never reversed. The fibers forming incunviit pathways, wudi respect to thr 
nucleus and cell bfidy, are fcnuwu as dftulrites. bccaiuie lliey frequently 
present abundant treelike arborizulions. The excurrent pathway, on the 
other ban d, is throLigh a single special fiber, railed the ncwn'jrff or ujfon, 
W'hicli is usually larger and much longer than tlir more numerous dendrites 
and not so much given to branching- Wbriicv'cr branching does occur in a 
neurite, the twi;^, or (ofJnittrtilit escept at the tip of the ncuritc, tharactcris- 
lically leave die main fiber at right angles instead of by aeutc angira as in 
the case of dendrites { Fig, 593), 

• Patket, C II, Ntfva^ by with Rthttnet Ip Ckromsf..- 

phattf, Clsmbrcdii« UnivEriiii 


Bro/cig>' of the Vertebrates 

Nrurotis may be hiftolar or midUpoliiT, according lo tbe nninbei- of fibere 
present. Tbe more primitive bipolar type, with one centripetal dendrite and 
one centrifugal ncuiite, Is fimnd in fishes, and also in the domal ganglia of 

higher vertebrates. Multipolar neurons, 
on the other hand, have several dendrUts 
and a single neurite. The apparently 
uniptiiar type in dorsal gangdia, results 
when the proximal ends of a dendrite 
and a neurite appear ta emerge together 
from ihf cell Isody, In reality, howcvCT, 
they are brought around side by side as 
a remit of tlie mechanics of growth and 
are quite independent morphologically 
from each otlicr, although taking on scc-^ 
tmdarily a unipolar appearance (Fig. 
594). 

^Vhen a neuritc ends in a muscle 
fiber or a gland, it may enlarge into 
a flaltened end plate or bulb, or ex* 
paitd into a liny truth, or end simply 
Ukc a thread. The disraJ Ups of neuriica and denOritea, at the points ol 
synapsis, form the weakest LliiLs in the chain of neuronic elements. 

2 . Nerve Fibers and Their Sheaths 

Nerve fibcn bill into four categories with irapect to the degree and 
maimer of sheathing, as fallows: 

(1H Naked nijeis without aheatha, occurring in the "gmy mbBtance” of the 
central nervous system. 

(2) Fiber* with a protective neuriitemma, or Schwann’t sheath, character- 
btic of inverielrrate ‘Wts’' generally; in the nerves of amphioxus and 
tin; cydrjsiomcs as well as the olfactory jicn.es of other vertebrates' and 
at the distal ends nf the .spinal nerves. Fibera of ibis type are known as 
Itf mill*i fibrfs. 

C3i Fibris with an insubting sheath of fatty or lipoid substance the 
medullary, or myelin, sheath, ocemring in die "while substance’' of the 
central nervous system- 

(4) Fiber* with both sheaths present, the mediitlary sheath witltin 
Schwann’s sheath. This type occurs in nerv es geucrallv, except at ibc 



Fi|t. 5M. N the tntmfmTfia- 

tkm nf a hipdlur nruron into m *p- 
|Jairndy Tinipolju ontL, 
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The neurdemma, fiitnposed of ectodermal cells deri\'ed from the 
ori^nal mcdulkrs' titbc, is a STiy thin, living aheath while the myelin sheath 
ts a thicker, secreted layer which is white in culor in fitili lissiic. Probably 
the neuroknuna secretes the myelin ma¬ 
terial, blit only in the pn^ence of the 
nerve fiber. Nervous tissue in which mve- 
linated predominate is white in 

color while cell-bodies and unmy^Unated 
fibers, cither naked or Remak's fibers, 
being composed of living protoplasm, 


Dandrit* 


form 


gray matter.' 


In the case of fibcis ccfvercd by both 
sheaths, the medullary sheath, but not 
the ncurolemma, is interrupted at fre¬ 
quent intervals along the fiber, at the 
nodes of Rontiirr {Fig. 595). Each in- 
temodai (“between the nodes”) region 
is associated with a single neurdentma 
cell containing n conspicuous nucleus, 
When the myelin sheath alone is pres¬ 
ent it Is not segmented but fonns instead 
a rontinuciua lubtiLur co\'eTiDg' ov’cr the 
fiber. 

AH these types of fiber? and their 
sheaths are diagrammatically repre- 
s<inted in Figure 5f)5. 

3. Microscopic Structure 

Microscopic rrxamination of a nciiron 
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Long SKtion 
Omrttsd 


Axott ¥iiHt 
florii 


Aj(on with 


Nflurqlemma 

j fkAiAtiFth^r 

595. f>iagnim ol h niuliJpoliir 
ntuiuu with ihciilhi. 


after proper staining reveals stnicluraJ 
details of great complexity. 

Arwr<ijfhr//r, Hfce myofibriU in a 
tntisclc cell, extend through the cell from 
end (o end. They also aurround the 
tiuclL-u!i. In all probability tjicy arc liighiy elaborated pans of the cytoplasm 
directly rcmcenied with the tmtismission of nerve impulses. .'Ground the 
nucleus and in the dendrites, but not in the neuritc, is foami the so-called 
tigroid substance^ or A'j«f bodies, which apparendy plays some part in die 
metabolism of die neuron, since it varies in amount in accordance with 
the amount of w'ork done. 
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Another cytoplasmic sinictijit: of problcniaiic fiipcUoii, which is par- 
tkruiarly characteristic of neurons, is the Gtilgi appardtui, aD anastormisiiig 
nctwxtrk near the nudeiis. In spite d the triumphs of histolo.nical discovery, 
much Etiil remains to be found out. Our pf^seiit knowledge of the marvelous 
uriitfl of the nervpus system might fac compared to what it wTotdd be possible 
m kam of short wave tmnsmissinn by examinmg the picture of a cross sec¬ 
tion through 4 house that has a radio in it. With mcreasingly reriiied 
technic wltat new discoveries lias the ncuiobgiat of the future in storei 

m. REFU^X ARCS 

The functiuTial units of the nrrv'oiis systeni as contrasted, w-fth the stme^ 
tural units are called rejlti arcs, which involve two or nitire neurons, and in 
additioti a nnti-ncrvous clement in the form of a muscle cell, for esamplc, 
or a gland cell that aU* In consequence of the stimulus rcedvtd. 

1 



Motor Trpniniittwr 

5?^6i lilt! pl«n of u «ilcx oitL To the If^ft of I hr ^ottftd Iliir are 
ibiiuti liritplc f or thrre-ficiiifL'n tlio entire diupaio sitown a 

OJLite oamplcx utvoKnig morr iu'utoiuv« 

A reflex arc ccnriflis in each case ni al 5\'c fiiniWnentii! links^ ciit'h 
with a dilTrmit lunrtlnn, aamely: (li a (2) a stmory (Tans* 

tniU^r; ^3) uTe^txcrnUrf inclucUtig the synaptic; a ffiolsr 
mid [5 j an (Fijf. Togfrther thti^c Bve lints form a livliiK chain 

tir brid^ extending fmrii Ihi: puiiit of sUoiuIation to the which func- 

tiom as on effctinr* ITie receptor anti ihe seit^ry imnmiittcr together 
i;c 3 ti&i&t of a sinitk neuron* so placed as to receive atimulJ at the deudritic 
pcle of the cell iKhsiy^ dther from the cmtMdc world or from w lthta 

while the tintritc, or ax^n, becutnes the sensory iraumutter Ip another 
neuron. 

CIcnterx, in which sytiapses detertrpne the cimrses to be taken by impulses 
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iiiul consequently whiii is lo be done, ii.re usually wlihclrawn from the 
^^iirf^cc into a region prorceted from the chrccl b<imbardincnt of Mimuli. A 
iictmte extending from a cell body in the center lorjm the motor transmitter^ 
ur Uic hjiiirtb Link In tlir chaiti Llial caries die diicbinn ul die eetiter to Lite 

effector (Tig. 597). 

The mo$!t iinmeroii^ tiffeetoni Ja reflex orciii ^are no doubt lAuscle cells, 
atthuucrii glnjids, lutnitiesceiiL urgans^ and chromatophorcs^ which are modi- 
flable pi^'jenl-bearing cells, arc also dTcctor^ that rr^putid to istimuli by 
iictjori ol some son^ 



Kotor fibiT endive 
In^itodLfial muscle 


Boity wftJl 


IfjsCar KEjron^ bodjr 


Body cftvity 
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Fig. 5D7, Cnws ol die vmiial nervt curd j^d luiTDimdkjg itme^ 

ttitrs of ioi eanhwTum. ! !■ rom U'tJjjdnjff- Antmai Biah^w vwpyrighE 
IDFl, by pcrrniydotl at The MaoniUim Cpiiiio 4 iy, nuhlishri^^ 


Of the two fundamental neurons in a reflra arc the sensiSTy cells usually 
have long dendrites and Mhfirt nruritefl, while the reverse b true of motor 
edb^ Sucli simple reflexes* In^'olving only two neurons, are extremerv rare. 
Possibly thr knee-jerk is one. In mnsft reflex ares one or more additional^ 
imermediate linksj the scHPaited n^ur^iLr^ ift rr/nj-m* arc inserted 

between die serisarx' and the motor ncuroii^. A large pan of both the spmal 
card and the br;iiii b made up ol Jiuch buermetliate neurotic whirh iucrea^ 
the dbtnnce m the chain hetween receptors and cffectoti, making complex 
irlatloiiKihlp^ not only jXH^ble but inevitable. 

\n aiaociadnn neumn not only lengthens its special line <ff eamntunica- 
tion, blit aUc makes: pcjssiblc a hook-up With other lines. Tluis ^gle 
efTertore muy receive impiilscs From several mieptnrs at the surface or 
impulses starting at a sngle rreeptnr may go to setx'ral diffemit effretors at 
once. In either case the receptoTj rejayer, and tifTcctor make a trinity that 
acts as a unit. 
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r\ , PRiMrmT. ntjivous sv^stems 


It imik i Jong lime to develop the complex Jiimm^ ncrvoTis s^’stenu In a 
simple animal liltc ao A moeba^ the whole Ixidy is a single crlt-mass of proto 
plasm, pos.'M'^mg a gencnillzed caparlty for trritaJiiUiy and contract Hiiy. 
Whenever a irapingca at some spot on such a body therr nesuJts a 

direct lotal response at the point of stimulaiJorL» but the ncw5 of it tnivds 
slowly to other parts of the cell* The fan tliat. an Amoebu in escaping from 
danger extrudes a peudopod on the aide opposite to the point of sumula- 
tioQ is an indication that soitie degtte of protoptasmk cimdiictjon is present 
emi here. It is out of the question in such 4 cajsc to spcaJc of seii^ or^ns or 
receptors, of communicating nen'e filxTs, adjusting ctjitcra or of reading 
because they have not yet developed- 



FiS, SftB. DhfpTuiii nl prhnlrive nrnt?ii.% fjriicrru. a, an hidepcudfnt 
ctTecti^r, a miude ctil inch 04 i^cciinE in t>ie mmt primitive multiccIlLiikir 
antmaU; il simple fecepiof-cflcctdr fty^teni sa luijtid In LcniLid» dJ len- 
iiarrn4inf:}i mon: complcit tjfpe of reerptor-effiKint whti tlie 

iii>eriian id Jt rxWt At teen ui voriouf p^m af ihc lea- 

anaaent, (AJiei Pfukcr.^ 

11 has been suERcsiec! that the coelmtcmic* show what may haw bem 
the fim step in ihe evoliiiicn of ttie nriimmiiscular mechan'twri. In Hytira, 
for esampk, the inner end* of wme of the iurfafe ettodermall crlLs dc\'dop 
musciiJar prortasG, When ihoc ctUs, are stimnlated thdr inner portions 
contract without mediation of any sensory receptor. Farter has gi^tfn the 
name itidtpfntlt^nt f fleeter to this type of cell which serves as both rcceptoi 
and effeefor f Ftp. 59fl i. 

In mcsi animals. InctuitinR many coelcnticratjcs, these two ruiictlons are 
prfomted hy separate cchi. In thr -simplest aiTatigemcnt sensory cells 
(mrepTorsV c.xpwed to die oiiLfide, arc in dima contact, ihrTniqk their 
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bmnrhing tmicr citdii, with uDdcrUing contractiJc muscle eells (cfltctoraj. 
Usually, however, a second nerve ccU, a tnolar ceU, ia tnsertrtl between the 
sensory anil muscular dements. In coclcntaaie* the motor cells oolte; into 
a cmiliniious netwodc, nrrz’e net. In which impulses may pass fredy in any 
direction and consequently spread through the net to give 
a dilTttsc response to a localued stimulatian. Nmc net¬ 
works ait found ons'crtcbiatc blood vsseU [Tig- 5U9), 

Simple localized reilex am hicludiug two short neurons 
pctsisl in the wails of dir digestive tube of man. By means 
of large numbers of these arcs, located in the plextts of 
Auerbach and the plexus of Aleissnrr, the periatahic re- 
vpimsc to the stimulating presence of food is brought 
alajut without the mierventjijn of die cord or brain. 

iTie tmal step is taken bj the flat worms in whicJi the 
•vnapses between sentwry and motor neurons as well as the cell bodies of 
the latter are located iu nerve cords. Also nerve impulses are tranamtUed 
in only one dfrecuon. Similar simple reflex arts, involving a central nervous 
system, are found in most invertebrates it’ig, 5971 and in the vertebrates- 
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Ihimarily the cell bodies of sensory neiironf. arc localrd 3n the surface 
epidicUiim, as ivt have seen hi the cocknteralcs and worniF, But frequendy 
they sliift deeper into the body and drveti>p dendrites, which may be of con* 
siclerable length if the cell body lies at some dhtance Irunj the surface of the 
body 

Steps in the otn^utian of motor and sensory neurom are shoi^'n in 
Hgnna 600 and 601, 


w 
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V. THE EMBRYONIC RISE OF THE NER\T3US SYSTEM! 

In tn^rrttbraies geneniUv thr inwkird rnigration of ^hr fLutml nm'ous 
system mmits about tJirougfa a process of fietnmim^wnp thal is^ the splitting 
ofT at a thirlscnctl baud of vdh Irom the hypodemiis alucig ibe ventral side 
(>f ilic body (Fig. 4J. 

In the case of mo$t ^‘trtebmtes, on ihr ror^trary, thr ctniral nrrvoiiA 
^y^tem h burird by a process of allow. In tydosiomes and in many 

rdt^its, however, the embryonic foundatjoii uf the central ncr^^ous system is 
probably laid down fir^l as a scilid hkI of cells whii h afierwards becomef 
hollowed ouL 

'fhe finrt step in the farmatkin of the vrilcbrate nerttJttf system o- aiis 
toward the end of the gastniU S(a^ when the ectoderm in front cf the 
lilastoporic lip thickens to hHtn the netiral or mcdtUIary fdute^ which oilciitls 
Irnathwhe alniig the dnr&ai side of ihc elongated rHihiyo, Thb Mrncbm; is 
morphologic^dJy «:cinilniious and, sdncc the etnhryoidc ectoderm is not 
rcfispicuoiisly giveii to mcLamcrlc expresdon* it is never marked 00 
into segmente, os in the underlying mr^wlnro in ilic formation td 
somites 

The lateral edges of the long flat medullary^ plate next become ele^'aled, 
thiis tmnsicrmifig it into 4 irnughlike canal, tJic m^diiUmy groou^e (Fig- 
113 ) - Connnniii^ thcir growth upward, the edges cvcntualiy meet and grow 
together, formhig the mcduflary riiie. The cavity withm this rmbry'onic 
tuiic is the foTcnirinrr of the t^tnlndi^ of the hrain and the cefiilfa/ nmrd i>f 
the spinal cord^ The rlosuie cif the tube begins in the middle region and 
cxtcndit both ways, so that for a time linlh ends still remain open. 

At ikc posterior end there may i-xisi^ in nddidon to the trough-like open¬ 
ing to the oubjjde^ a !emp(»rar>' inward passage-way around Into the primi¬ 
tive enteric cavity through ihe blastoprjrc fFig. IH ^ Tliis is the neurtnSeTir 
cafrn/+ which remains npen up to the fourth w-rrk in the human fetUR:i 
although the mediilLirv groove: begins to dose about the fifteenth day* The 
anterior end of ihe rnedullary tube remaina imclused longer than the 
pc^terior end in the forttr of the so-called mrurapoTe^ Amphioxus retains ihe 
nciifoporc thronebont life. Possibly in this foreruiiiier of the vertebrate?: it 
may scn.^ as some sort of a sense orgarL 

As the medullaiy tube tlooen thrir form on rithcr ride along the seiim 
of fn^on two difitinci tidgies cf rucdulbry tissue, the netiroi ertfilr TFigs. 602 
and 003), At first continuous with the tube, these rrrsts later gain htdo 
pendcncc hy tltc inwmicti nf invading mcijcndiyrnsii fiannr between rhrm 
and the tube itsadf- Eventually thr crests break up into chains, forming both 
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the suyiisnrj^ dors^ cif thtr spimU rxen^ca and the ganglia of the auto- 

namk 5)5tcm, which arc of mol or function. When the nturijm of the dorsa] 
ganglia sprout they scud their dcudiitca into the variotia organs uf the bcwly 
while their nnniti^ e^iablbh a MreondaTy ttirmcction into the cord, Ttuc 
autofnimit: ganglia also bccninist connected with the cord, tiui by oeunte^ 
which grow out Jfnfn cells witMa Uie cord itfidf. Sdmikr rekUonships arc 
rslahUtihed in die brum region. 



Neuifli cn»|' Wmoftf^urn 
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Fig. 602, Fmir in iKr feiminttoji of tisr anjra] nrxti chmng the 
djkjiiirc of ncuml hiIm^ in the pog^ (Fmiii Messer:|, An Ttiirudiititint 
io dnai&mx'f capyrfght 1947 * hy perniitflftti ©f The Macmillan 

Ccijnpunyi puhlidier;^ After PattfiL^ 


All of I he nervous tidies of the body are derived^ either dincetty or 
indireedy^ from the mtduikn' tube, with the exception of cells and fibcm 
that contribute to the ulfaclor)' epithdiun^ 



Fig* Gfl(3, Steftt>gnim of early spinal cordK fthrswliig ffifitiJtinni rvrunt 
eiTJtJc £ After Kiagsltv.) 
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\J. SUBOmSIOXS OF THE NERVOUS SYSTEM 


llie vfjt^bratc nervous system of three suixlivisiom^ Ml intxaiatdy 

a554xiated wilh <mc .inoTbcr, narndy: (1) the Ctnirtd System, 

cQit^cingof the bn^in and spinal coni; {2} the P^ripkiTid Aervous System^ 
mdudlng lUc cranial aiiii spinal nerves; and (S) ilic Aetirau^ 

which Ls a special portiDu of the pcripheml nmons syMcrn pitsmTit- 
mg smooth muscles and glands. S^nse Organs, to be considered in Chapter 
XX^ arc made up of specializrd endings ol cranial and spinal nerves 
together vvilh various non-nervoiis dements, 

'ITic peripheral nervous svstem is an jiidlKpenfiabtc auxiliary of the central 
ncr^'onji svTitem* It conrists of n^res and gan^hir, Nm^cs aft groups of fifK'rs 
which put sense otgaiis and effcctoni into physiological etmnection with tlic 
brain and cord, while ganglia are groups of cell bodies. Correspondrng parts 
within the central tirrvTius arc insrfs and t:enters, irapecti\T.ly. In 

general the ced bodies of Ml sertsory neunonfi are in while those of 

all motor neurons, except certain autannmlc ones, are within the central 

nrivom iryiEletm 



Fig. Mcdull^itriJ nrrLX!. Pan of a c™* icetioit of a hum.in Tfiedian 
HfisT. (Friwi llremer .tbcI UtnihcrfoTrl, Lfitiu md Sl&hyi Mhfolu^, 
o^pyright hy of P* Sitti ncnd 0i'^xrii|3an.yi 

pcjlilishenJ 


Nrrv’c?^ arc rah1c$ of ncurttot and dendrites in which the independ¬ 
ence of the ^trajids comprsing them li maintaiticd. They extend through 
mcsctirhyTiialOLis tiaiica to all pam of the body, cieeept into tiaililagc and 
the epidermal layers of thr skin. AlLhfjijirh the tiumber <jf not large 

primarily, the neurcim, or morphologic. a1 elemcriL^ ihai combine to make 
them (Fig. 6lH), may lie, according to Dniiatdson^ ajs many as there or foin 
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millions in man. Tbe nervfs associated with the central nen-'otis 5 >' 5 tem are 
in pairs, and are either spimd or crardal, accurding to whether they connect 
with thr cord or brain. 


ML THE CORD AND SPIN.AL NERVES 






,_£tr¥icjl 


The tord and spinal nerves are m intimately related that it di^cuk lo 
obtain a clear imdcmanding of the one withmjl some knowledge of The 
otlicrH They wUl therefore be considered together, 

1 - Form of the Cord 

The human nerve cord may be used aa the bask for the clcitcriprion of 
the cord, not only because it is of more immediate mteresE than that of other 
vertebrate^ but tiho because much more is known nhaiil it. 

With it3 erkrficptlimj^ envelopes removed it Is seen to be a sliE^htlv flat- 
lenec! tube, having a shallow median furmiv running dawn its dorsal Length 
■Fig. COS It and another wider and deeper groove along 
the middle of the vcniraJ ^idc. Other less conspicuous 
longitudinal furrows are also present-^ giving the whole 
enrd somcwliat the appearance of a fluted column- 

At the anterior cud where the cord passies over con- 
tini] nusly into the brain^ it appean broadened and sKime- 
W'hat oval in cn>7® fsectionT but the posterior end It 
tapers rapidly and finally terminates in a tion-ncr^'ous 
rhreadlike prolongation^ the ^iim t^rminnUy in in w^hich 
in early fcial stages the central canal of the cord fllUl 
extends, 

fn two regions, at the le^^cl of the arms and The lpg;i, tbe 
rofd becomes sw-oMen to rnrreased t:Ize- Thar these cn* 
largemcnts are associated with the increased nerve supply 
of the paired appendages is mdtcaictl by the fart that they 
are absent during cmbryxmic growd^ befarc the limbs de¬ 
velop, In flying bats, as would be expected, the anterior 
far exceeds the poptrrior cniargement in sire, while m leap- 
ing kangarooSj w^hidh haw nidimenLary dangling fore legg 
and powerful hind Icgg, themTrseis true^ 

Certain gigantir dino.^urs of the remote past, that 
were propped up upon a eoltjsisal underpinning of pillar- 
Kte legs, for aa^tvplr Stegomurui fFig_ 36n), actually had a considerably 
gfrater diameter in ihc sacml region of the cord than in the brain itsdf. 
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which impircd tlur famiius "'BLT" of tlic Chii^ago Tft’itiwr tn 

write: 

'‘Behold thij mightV dlnmaur 
Famous in prehwtoric Inn? 

Not only for his powrf &od itrenglh 
But for hii intiiUcctuuil lettgth. 

You htU obsm^e by these cenmipfl 
The crcaiiure had two setg of brains — 

One 111 his head (the usuaJ place), 

The other at Im spinal base, 

Thm he could nrattrui a fmofi 
A> well as a paji^tiem. 

No problem botluTed bim a bit* 

He made both head and tail of it. 

If somrihin^ dipt bis forwarxl mind 
Twas rtatfued by tiu? one hriiind. 

And if in cttht he wai eau^hi 
He had a saving aflertbought. 

Thus hr could think witfK^ut cangesilon 
Upon hoxh sides of every question. 

Oh, gniee upon this inodcl beast, 

DcfujMrt ten milHon years at least." 

2. Extetil of tbc CVnd 

in a ty^ca! htininu adtik the ncjS'Dus pan of the cmd from the kvd 
of the forumm tnagntiin uf the skull to ihr begtuning of tlic Tion'-ners'Dits 
filiim tcrminale, reach® ottly a)>DUi cighceen mdies, or io near the fevel of 
the finit lumbar vcrtebni. Thita the entire cetitnil nervous system, 

inchidiiig the braiu acd the functional pun of the crjid, csimds ody from 
the rrgirm of the fofrbead to the “zanall of the batk*^" Embry on leaky as 
well as phylojgf!iietically the cord h originally practically as lorig a* the 
liac:kbone itself. 

In Offiithofh)^rhus and .3 few rodimts it teaches as far as the saerttm* 
but there is a pmuoiinrcd evobtioiiary trudmey for it to dtorten. 

Among insects the process of cephalLtaiion, iir ^brifikagr in the length 
of the curd, b ^Tiy striking. The "Inwcr’^ insects luivr a primithT ntrr^^ 
chiiin extending along the endec floor nf the body, whereas ‘'highjrri* forms 
pnaicnl a condensed coni, composed of ganglia that have telescoped together 
into compact masses. Durmg the metamorphosis of an bisecL, such as a 
honey bcc for example, a ganglionic chain stretches the w'bolc length of the 
kifig br^al Ix^y, but m the aduli worker bee, which eventually emenreg fnmi 
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ihc Jarvii, the niir\T chain is fcpriscntcd by gniigliotiic nias&es that are 
drawn much more ciosety togellier {Fig, 



Fh(, 606 , p^nvoiLt ffurmi nf a honeybee, fam and Adirlt« compuiicd lu 
show the ixnicciiirailun oi (After Blaneharcit. j 

In pnmates the degree of &honcntng marks the mlathr pmition in 
animal ariatocTacy w'hkh cac h form occupies, as the following table shows; 

Lrmur. cord endis at tlie 7th lunibiU vertebra 
Marniosctf/fa^flleJ'* " 6th ** *' 

Monkey (A/dcdfiu)^ ** 4tli “ ** 

Man “ •' hr “ 

It is interesting to speculate os to the possible fate of the shrinking nerve 
ford in the far distant future. Probably the time will never come when the 
lord will be entirely dispensed with, since there mtwl always reitiajo a 
structure of suflident length to fumish a point of departure for the nervis 
supplying the body, 

3. S]MJial Nerves 

In msin there are typically 31 pairs of spinal turves, as follows: cmifol. 

iftofotic, 12f lumbar, 5; sacral, 5; and caudal, l.The total number of 
spinal nerves in vertebrates other than man is naturally subject to wide 
^'ariatjon. 

Each pair of spinal nerves, with the oteeption of the certical rmes, rntr« 
its name fiom the vertebra just anterior to its out. The reason for a reversal 
nf designation in the cerdat] nerves it that iJie firei pair enietges between 
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the skull and tht first cemcal vertebra, or /itlas, and so, having no vertebra 
In front of It, takes its name fmni ihe vertebra tmmedlaleJy hebinrl iL Thb 
method of nomejieiaiurc is followed thjxiuahout the cervical series, leaving 
the eighth pair of iiervi^ without niiv cervkal, vertebral goillafher siandUig 
behind il, and acrordingJy it k called tlie eighlh pair^ although mammals 
hav'e only seven neck vertebrae, 

Tlic next pair of nervei plainly bderngg to the injnkT and i!o begins a 
new series as die fmt iharnnf pmF, lakliig its name from the v^ertebra 
behind which it emerges [Fig* 607 ). 
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Fig. GOR, Cross rertirm; of the wnlrnl iinri 
pcnpkrrat netvtni] tn man. 1. dtjrwtl 

fccnirc ami lepiimi cii irem mntJ: 2, ventral 
bssure; i/dontul mot af ^piiial +, dor*^ 

fcai gatigtlcm; 5 , apiTiaJ omT; G, daisiii brandl 
trf the oavt; 7 , rnttral branch; 4 ixiroiiomlc 
bmndi; nietilnj^.a1 braiieh; tympjn 
thctjc chain ^£ati^3ioii- Jl, ventral rsaii 12, 
culaoeottB btaneb, f After Eaubii. ] 


Tlie size of the spinal nrrv'ts es dependent upon the relatl^T area of the 
Ixydy which they supply, the Ijugi^st in man hemp die Hr^t aarrn| pair fiat 
goes to the lei^+ The gefiemt disiribuiion of I'vcry i^pinal tictvc in cotmcciibn 
with the regiQii which it unpphcs h mdicaictl in Figure 608. 

ITic relation between die Bpmal nen^s and the mrtamerk embryomc 
muscles IB vTry regular and eousiant^ bui the reairangntient and rnigrtition 
oX these murtjes iti the adult CkCgaiUMii hrifigs alKiiit apparent iircgulariiics. 
A iicrvT unce associafrii with a musclcj, however^ remains Faithf iif to il 
















The Domirutting Ftictor 

Throughout all Its subsetiucni irHnsfonnatioa'i. Since metamcric muacks in 
mamniuls do not cJiTend Eo a tail, as iti lishcs and unxlcles, decided differ¬ 
ences in tile abundance of post'imal spiiiiil ricr\Ts appear in Uhic higher 
\ ertebratea* 

In man particularly, the nerve cord b shortened as already described, so 
that it does not ejttcnd ihrouijh the entire length til the vertebral column. 
Nevertheless the emerging spinal nerves triairitain their proper intervertebral 



VAntro) FisKurA 


Cauda Equrna 


IgmbwCKral PIaxva 


Fig. (UlS, TTsf Apliidl cord of mnn, jthowing plead, ciauda rqulfiji, 
fln «ar nde, die tjijopniheiEc ncT^ie ch±iin. [After Rktiibcr.> 
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exits. ThiR necessitates the continualinn of the poatertor pairs of spinal 
iirni'es Hithin tlic nciiraJ canal of the vertebral column for increasingly 
lengthened distances before tbc>' GnaUy etnerge, with the result that a brush 
of spinal ner^'es, the emtda ei/in'iuj, nr the ’'horse’s tail,” is farmed at the raid 
of the cord {Fig. fiGP). Moreover, while the anterior spinal nerves leave the 
cord at practically right angles, the angle of departiirc for posterior paint 
l^ecnmrs more and inure acute, until it may be said of the sacral ncr^’es that 
for some distance they run almost or quite parallci to the fdtiiti terminide, 
that is. to the rion-nrrc^ous continiution of the enrd itself. 

{u) Roots, tlir cnnnectHjii between the peripheral nervous apparatus 
and the central nervous s>7iicm is effected on cither aide thmii|fh the Uoisol 
and ventral ruuf.< of the nerves [Fig. GOO), which differ not only in structure 
anti function, but akj in their origin and manner of development. 

Dorsal roots are composed primarily of neurons whose polarity Is afferent 
or centripeud, that is, toward the centra] nmtim swtem. Ventrtd roots, on 
I hr contra rt', are efferent, or centrifuj^td, cairying rncasages outward to 
glandular or muscular effectors. Since these effectors, which are mi^tly 
muscular, bring about mation, the ventral rtJota are coninumly designated 
as ’’motor roots" [Fig. 6iD). 


S-nwty f&o™l J Knot Splwot Gnngl9«n 



Fig. 610. Dia[^rtm t>J [Jic rcUtiuii of spluj] ncrvci lo tlie rwl ■ After 
PirtviI,J 

For die most part .Jarsal rrmts arr madr up of fiben; fmm nninrns 
appaiTiitly unipilar, althniigli In reality bipolar, located iri the dorsal 
ganglia, wluise nrigin from the neural crcsLi has already Ijeert drsrnbed. 
iVeurites in the irntral mots, on die other hand, which W no ganglia, take 
their origin from cell bidita grouped together in the gray matrer of the 
ami dF I he nnrdH 

Amnnu lowrr vcrtthraitcs, djjnsal motji If) %ntnt inj^tancw arc nor always 
purely wasory but may also contain effcmit filers going to tlie amnnomic 
vyatrm, A few renuteni sensory fibers also may find their way fniin the 
doreal fo the «uiral root, thus modifying the rlianreicr of the motor rwrts. 
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llic spiii^J nerves oi ampliioxns sliow sei^'eral primitivr fcalnro. TIic 
dnrsal root is mked, nidudiitg visceral (autonomic) motor fibers as well iis 
che usual complement oi soisorj' demente, dorsal ganglion is present, ilie 
sensory nenroiLS baling their cell ficKliesi in the doisal part uf the cord. 
Further thr dorsal and vcitUid nliernatiiig in their attachment to the 
t nrd, do not unite into a spinal nerve. 

Ill cycluiftpmes die dorsiU ront^ are also mixed and aJtematc with the 
ventral njots, hnt^ in cnnit^ w ilk amphu>Kiis, the cell bodieM of Ihrir jtcmnty 
fibers are locarcd \b dorsed ganglia^ as in all other vcjtebratoi. iri the 
myxincitd^ t l^ut not in the lamprey cek j the two roots join to form a united 
^|iinal nerve as in all gjiathtviUirtirs. Tke cortihined spmal nnve^ thereforTt 
probably represents a sccoiidary cvxiluUonafy adapiation. 

Ulir dorsal and ventral rT>i?i5 in elasmobranch fblit^ ako rmergr from the 
i fttd alternateJy. Ihr dors.d root makes an inlctTrcitrUnl cxit^ throngJi die 
intercalary' plate, while the ventral toot comas am vertebrally thrungh a 
fnnimcn which penetrates the neural pUlc (Fig. 432 an Tlicy then join to 
(cjrm a spin Ed nerv^c. In higher vertebrates both roots of a spinal nerve 
emerge lutcrvertcbr^slly in the same (rajnsverse plane. 

In fiflhest the do™I fi^ngUa aini tlir pciint of union of die nf die 
siinal ntTvCN arc usually berated outside the VTaiebraJ column, but in other 
verti'-bratcs the junction of the mots Is efferted closer and closer to the cord 
itself, bo that it conio to lie within the neural arch (Fig. 611)* 



Pt^. GIK DiairnuTim.irSc through a vrrlchra ai tlie level of ihr 

Tooti of a ipmal nerve* sbowia^ ihr pn^qtidn of thr. iiiiiKil idtit5aUnK>r‘ 
with rnfrrriu'i: in iJie VTTtchni. ' After Jammer, I 


(ii) DrancheiL—Near die jimction of the Wo roots the spinal nervf; 
divides into Four brunt lirs., rjf ffitmi., namrly; i; 1 ' u thinnrr, shnrUT dmuif 
branchy supplying epaJtial ^nsc orjjans. musiuJatiuT, and glands^; (2) a 
thicker, lunger hruHcA* lu dmll+ir hypaxiil parts; 13 1 a small wicm'n- 

gffut frrttnirA, going hLick into die tieural cauiii tn supply the lilood vrsseU 
the cord and its mcmbruni'^: and l4 j an ^lubrimmic brnneh. communki?" 
mg with the autonomii tn r^ous sv>tem BOB', 
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Thr important gcn^ralizatian that the branches of spiixal anr 

mixed, whik ihcir roi?^f aft not, vvas indcpcndaitlj- eGtahluhcd o^xt a 
rcnlur>' a;^o by ihc Frcfichman Ma^dic f !783—1B55) and by Sif Charles 
Bdl (1774-1842) p an Englidmian, who has been diaracitriOTd by Pro¬ 
fessor Keith as **im anatomkjiJ detective tJ the highest rani.” 

[c) Ptcxuscs.—Whenever an extra Ur^c area ol ihc body, such as that 
of the a?™ or legs, is to rcecivc a naw supply^ several npiiial ncn^es tmy 
join forcc^j fomiing a plexus, A complicatinn of this kind adds materiahv to 
the difficuhy in prtcb*ely tracing out the actual paiii and sequence of 

neiimnic Lines between the central ricrv'ous 
$^3tetn and specific end organs. It has been 
shown, liotvever, that each musck may bf 
excited by ^erul nerves, wliilc any single 
5pinal nerve may m turn affeci several 
miiscJcsi. 

Tile first four eer^ ical m man form 

the rrrrjcfi/ fttexus that supplies the neck. 
The last Fihjj^ together with die hr^t and 
ttsiialJy tlie Mfi^nd ihoraric nerve, make tjp 
the brachial ptexm of the arm fFijj* 612)- 
Most tlioracjc iicrv^is do not ordinarily enter 
uito plexus fnrmatioiL The tivelfth thoracic^ 
all five Iiimbaot., and die first three or font 
Sarrals become iiivulvcti in tlie large turn* 
bcsacial hick Supplies the leg. 

In atl of these plexuses only veutraJ rand 
are concerned, including boih sensory and 
motor fibers. 

In varioiia spreits of long-bodied fiithes 
and uradeles, wliich do not tire their paired 
appendages for the supi>ort of the b^iv, therr frequently octnr^ anteriorly 
and pf>*tcriorly dotig the backlKsne^ a shifting of ihc girdles and their 
attachwi appendages (pailiruhrly thi: pelvic gkillcU with a Cfm!icqntnt 
variatkin in the group of spinal ncT%'cs that take pan in plexus formation. 
DtBeer rcconis this fatl bv ,^j4ng “Lirnhs may become transpcised over 
the trunk of the afiimiil niurh as a tune can be Eranj^pospd ov'cr die kevs^ 
But it is the same tunc and the same limbi” 

lljcre are niauy vaiiaiinn^ hi the enmporition of spinal plexuses In verte¬ 
brates other than man, in ivhich the legs and arms assume partinilar 
Importance. In such uiitanecs dir aimtomiiseA may even k unlike on the 



Fig. 812- of the rfgbt 

br^ciiiid plexiid of viewed 
from ihc front- the ih^ded 
itTajid* are deriv^tisief nf tbe 
drar^l biif i»r thr ple^u^ rrrv^ 
inaij cKTvrs; r, iJnsriick ncrw'ci. 
1 .\ficr Lidcr.} 
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two sides of ihr same indiiiidua]. In the enormous bmchial picius of the 
dkate, twenty-five spinal nen-es may fuse lofiether, while m certain other 
elasmobmttchs as many as tluree occipital nFrv*!!i may jaiti wiiJi spinal nerves 
to farm a ^trtieobraehiat ptemtt. In the long-necked swan the finrt spinal 
nerve to join with another in the brachial pUatus is the twenty-second. 

Certain enaJecs {Fig, 613; in which no trace of limb-buds appears hi the 
embryo (Fig. 614}* possess a 1 umbo-sacral plexus, indicating that these 
highly modified, limblris reptiles were derived from anccstom with le^ at 
some time in the remote past. 



rnt.6I3. Pelvk 
nerves af a 
SQiikc, 

a sbnplc pl™is 
in ibe 

^ hind Icjpu 
(After Carl- 

SiCDl.) 



Fig. 614. The 
limblcad cinhryD uj 
M uiaie, 3,5 ttira m 
length. 


4. Dcvcltipnif-nt tit tbe Sptnal Card 

With the famuitiiici of xhc mrdiitlar>' tube their are estahlkliird ^und 
the central canal, above and IjcIow, rw/ and fio&r plates, respectively, 
which, do not inar^ notaljly in thickness^ and twu aife that enlarge enor- 
niLmsJy iiniil they uvcnfudoir txiili rpul :irid Jliior TFig. 515). 

In early ifUgris there are two types til cem m the wall of the mcdullarv 
tube, namely^ germn^d C(?£fr. near the central omalp and $p^ngii>blmu. 
extrnding fmm the canal to ilie outer surface of ihc ctnrl. Soon ^'eml addi- 
tinoat types apfjcar^ nsiniely, non-nen^oiis ependyjnu! teilsi hon-nen^aus 
nruroglia ccthi and nrurobl^ts^ destined tn Income the important neur&n^, 
Oi'Tiniiuil cells may pvc riMr to any of these five type^ wiih the pissahle 
c.tcirptknj of epcndvmal elemtnts+ while spongioblasts diffenmtiate into 
neumglia and cpriidymal tells. 

Three /.one^ may now be ttrogniTed in the w^U of the medullary tube, 
especially in its thiuk lateral repions^ namely' (1) an inner ependymal fa^^ri 
bordering directly on the cental canal ; {2) o- middle maniif layer, contain¬ 
ing many nuclei; and (3) aa outer margind /aycr, practical!v devoid of 
iiucld fFig. 615] * 
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The wiih thr epaidyitml ceUs, ferm a atipporting 

xs'ork which ^:xtcnd^N through all three kyets. Although ihe r.pendvmal cdla 
arc conceiitnilcd in the inner kyrr, dicy send lung slender procesacs to the 
ontcr surface of dit lord. Thr apidem cb-like ncEirogUn cells form a sup 
porting Tneshwork in the fniddle and outer layers- 


f!ocif Fictle 



Floor Plots 


Vflfitnil Splfiol 
Root 


S 15 - Tfiuiwrrv^ icifioR thrfugb anterior cervial fegioai of spiniil 
Lord of a Jifl mill liifciiijii cinbryoi {>’1005 Kanson iind Qatk. Tht /liMf- 
omr rfcr yyurrrs, {oi^ynghi; lb 47 » by poniusioD oi W. H 

S;iiiodrfi< tlrpirppoo^f* piiblhihm. After Prtnti!^,) 



niimlwTS of ueuinblasts. The thickening of the mantk layxr, due U> ihb 
rapid cell prolife ntioii^ h fncBU mariced in two regions on each side of tlic 
cord, Qfie dtirso-lalciaJ forming the dona! kam^ the other T-tmtm-UHeraJ, the 
uentTuI hoTTf (Fig, 

Majiy neoFoblasts, when they begin to sprout^ send their nerve fibeis into 
Ihc marginal bycr^ At first tbisc fibers are naked but gradually myelhi 
sheaths are added» probably through tbr actirity of certain neuroglia edb 
which become temporarily associated with the fibril but do not remain to 
form a neurolemnin. Tim massing of myelinated fibers in the utargiiia] 
layer cenverta it Into white maUer in contrast with the middle layer, coin^ 
posed chiefly of neurohliiMi, cell bodies of neurems and tietiroglLa, which 
rEmains mutltr. Eventimlly the inuar Tone bccoines irdnccd to a thin 
ependymal layer lining thr central canaL 

Neurone of (he ventral gray tnatter also «iid out neiiritts which ouablbh 
the ventral rttots of the .spinal ner%w and continue into the several hranebe?^ 
Along tvith the fibers go non-nerv^oust cells which give rise to ihc two sheaths, 
myelin and ncuroletrum. At the same time neurons in the dorsal ganglia arc 
^prottling, Thrir lirndriro, accompanied by sheath cells, grow out thTOugh 
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Fii(, Ctdsi &«crkKn thmiigli iLc lourlli thanuiic sr^mnai af tht 

humuii ipiiiul Cord- From HuWr and Cit^^bv^ Ci^mpayti- 

tinr. Analomy a/ the N^fv^ytu System e/ Vtngbrntri^ inctudinf^ 
ccp^Ti^ht 19116, hy af The ^tvAcmillan Cctu party, pubiiiKcnT 


the several branches of the spinal nerve* to tlir surface uf ihc body or to the 
inlcmaj orgnm. Their neuritis complete the dursal nnjts and extend into the 
I’ntd ^herr nmny ol them grow forward to the brain by way of Lhc dcirsal 
part of the white mnttcr. These mydinaicd iiemites also have a nemtilemmal 
sheath up to the point where they enter the cord. 

Thm the alar p!ate^ the dorsaJ part of the lateral wall of the corch is 
gi^-en over to cells and fibers of Orsensary, rteurcJWJ^ ccETtcenied with 

bringing in impressions Erotn without, 
while the ventral partj or basal plaU* br- 
comes headquarters for ^§prcJtt^ or 
neumns^ that convey merges outward to 
various effector mechanuma. 

As tlid seiisor>‘ fibers enter thr cord tbci€c 
from the Outer surface of the body^ ^omah€ 
smsary €ompf?nfni^ are more Jiiedial than 
those from the itilemal organs* viscrTuI jcm- 
(ory c&mpon^nt (Fig, fil7j. In like man¬ 
ner the cell bodira of the ramati^ malar 
camponeni^ whitih supplies the vohmtaiy' muscle^ are m the mcjrt medbl 
ventral horn while ihc^ of the visf^rai rwolo-r rompontnt^ rtnuiing chiefly 
to the auionomic ncrv’ouSi sy^tem^ arc in the latt^al foiumn^ tJic more lateral 
pari of the gray matter of the basal plate, Tims the gray matter includes 



Fig* 01 j,. Diugrruiimistlc Ixmi*- 
veric hccdoii tbri^ugli ihi!! Iluiiuii 
spiirni cord, showing ihr local iofi 
uf ihe ftjiir lypn of m^onw in dir 
grny ttiQlliT. ! AJurr MrrricL \ 




6S8 


Biology of the Vertebrates 

ri>ur kinds of nouinns, or campQneutfi, in sequence from dorsai to ventrai 

folloHii: sonuLtic scnsor^'i ^isctral iciitor>', visceral mocor, jirwn fitie 
motor. 

Ill cross section the nerve cord at fint has an oval oatline, while the 
central canal appearn like a dorso-vctiiial slit (Fig. 615), With the formation 
and enlargement of the ventral horns, together with the additbn of the sur¬ 
rounding white matter, the cord bulges veiitrally on cither side of the thin 
fioor plate leaving a median longitudinal groove, tlic ventral /issare (Fig. 
616j. 'rhe fortnauon of loss extensive dorsal bulges results in a shallow 
donal /inure. Further (hr two sides of the doisal part of the centtal canal 
grow" together, giving rise (o a dorsal median septum, composed of epen* 
d>'Tna1 cell*, which extends frttm the botlotn of the dorsal fhxum nearly to 
the central canal. TIic Bcptuui is separated from the caual hy a thin shed 
of non-mydinated nerve fibers whidi grow across between tlie gray matter 
regium of die two sides, fonning the darsd commissure, .A somewhat simi¬ 
lar cross connection between the two sides of the cord b foimd ventral to the 
canal, but this centrol commissure consists of a white portion^ next to the 
ventral fissurr, in addltioo to the gray pan near the canal. 

Thus the tiervous clunenta of the two sides of the cord are almust coin- 
plcrtely ?e|xirated from one anolher, doiKally by a fissure and septum, 
vcntralJy by s fissure. Only the cotnmi&ures act as nervous bridges between 
the two sides. 

5« Imcma] .Architecture of thr Adult Cord 

III cTtifis SfictKins of the fully formed cord the gray matter somewhat 
resembles a butierfly.or a capital letter H with a hole (the cettird canal) 
through the center of die crasabar (the gray cammaniref}. On each side 
the projecting horn* of the gmy matter, the upper and lower parts of one 
upright of the letter H, separate the white matter into three large masses, 
the dorsal, tatfral. and tvntral fumtuli, llirac funiculi are further differen¬ 
tiated mlo parallel fraefr, or ftisciruti, each of which k a group of fibnsi of 
common function and with their cell bodies in the same general bcatkm. 
These fibers arise from cell located I 1 t in ihe doisal ganglia; in 

the cord itself; and (3 l in thr brant. Together they constitute path-ways of 
commuiiicatiim between ttiore or less distant parts of the entire body. 

The dcteniiin.iiion of ihr facta now Imowu concerning these trai‘13 has 
been a difficult though fascinating work, engaging manv diflrrcnt inveati* 
gators over a long period of time. Ncvertheltss our knowledge in these 
muticni b all too limited. In tmemg the coutie of the path-ways over which 
the coondess mrssagrs of commimimtion go, workers havT employed four 
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DiitEtaudiiig imiliiiitk, namely, W.illciian degeneration, study of palholog- 
ic 4 l changes, obscn-atiun of the order of myeilniiation. and electrical stiniu^ 
lation. 

As long ago as IB52 'Waller found out that when a fiber is cut the part 
of the indivtduta] fiber separated from the nucleus degeneralcs. This sen-ct 
to indicate in whirh direetkin the nuclcua of a nerve ccD is situated. Animals 
vrhose nerve fiheis have been allowed to degenerate following a particular 
type of cut are oljscrvcd for motor paralysia, loss of serweirj o n , or both, in 
any region of the body. These experlmerm reveal the nature of the fibers in¬ 
volved, the locatian of their cell bodies and the regiun or regions of the tMidv 
which tliev supply. This type of rescarrh is aided by methods of diiferentiai 
staining which Tender fibem iind sheaths visihJe. 

Pathological conditiurks. especially in man, furnish antilar iiifortnatioii. 
Cadavers of imlivddualf who have suffered cither loa of sensation or motor 
paralysis during life may, upon autopey, reveal what group of cell bodies 
or fibers was concerned with the symptcmia. 

-Another method ! Fkrhsig's) of delmnining the coimie and direction of 
filler groups is dependent upon the fact that the nervT fibers, which arc at 
first naied, do not all acquire their meduliary sheath ^ at the same 
Because most of the fibcis belonging to any one tmet tend to myelinize 
cimcuTTenlly, it is possible to recognize differem pathw-ay* by this means. 

The fourdi method, employed considerably in recent ytare, in valves the 
use of elect rical stmiulation. Mmutr electrodes art used to stimtilalc a 
limited group of nerve cells in anaesthetized animals. After tabublion of the 
effects produced ii numerous experiments of cffientblly one type, it is pos¬ 
sible to determine at least some of the coniiettions of the stimulated areas. 
By this means it has been poGsIble to Gbtain detailed infunnatioti coticcrnmg 
many eompUcated pathways, especially those in whit b only a few or scat¬ 
tered fibers art involved and then-fore other methods do not succeed. 

TIum the details of the in visible Individual highways of the nervmB 
system haw been pieced together accumiilativdy, until Hfjw quite a com¬ 
plete picture of the whole complicated system of nervous traffic lanes is 
available. .As, would be expected, the various paths in the Great \Vhite Way 
of the ncrv'c cord are much mure definite and have been more thoroughly 
studied in higher gmtqs than in lower vertebrates. Representative tracts, as 
found in man, may be grouped as follows: 

L drcrndtni; (iJrniDfjO Traetj 
1. Dorsal Columns 

Faickiilus gracUU (Tract of Coll) 

Fasciculus cuneatus (Tract of Burdach} 
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2 , SpmocLTebfliar Syslmi 

Doniil ipirtociinTbcIlHT 
Ventral ipiutKercbcll^ tract 
3* SpiiK>ihatamJc Syijtcm 

Lateral spimthalamic tract 
Ventral splDotfialaniJC tract 

II, (Aiiffof) Tracft 

Fasciculus carticoipinalls Uteralii (Cftwfifd pyramidal tract) 

Fasciculiu corticosjiidalis vi:ntrails {Direct pj-Tiunidal tract) 

IIL Association Tf&cti 

Fascioiiui pittprius dorsalh {Dontal gmuad bundle) 

Fasciculus proprhw lateralis (Lateral ground hundin) 

Fasocitludi pmpriua ^^entralu (Ventral gmiindi bundle) 

( a ) Ascendmg Sensory Trat-ts-—The fibers whic-h risic to the so- 
railed rfoTftrf €^umns are itcuritei comiiig from cell lK>dica locat^l in the 
dfirsal fpuiglia of the spinal nen^Sj crut^dc of the ccml, Aa they rome into 
the cord by way of the dmai root of the 5 pmal nerve, they braiich and gu 
both anteriorly and posteriorly, with the longer branch toward the head, and 
the shorter branch away from the head. Both the longer ascending crantad 
fibers and the shorter dracending caudad fibers send off collaterals that enicr 
the gray mailcTj wheie they form synapses with either rntermediate neumm 
or motor neurons. Many of the craLnially directed fibcni reach without relay 
as far ^ the brain Itself^ 



Vantnit 


Tf«t 

$pc^AetKI^bmSc Trocf 
Vartrnl SpiwthniainkTTOrt 


Mclor Nfluron tjf Vnetwl Bwf 


filA- Tile centinl rcfimcniana, widiiu the cord^ of tenwy 

nnupiiik r AftrjT ) 

Thus a ncurite entering the cord through a dorsal tdoi malces nunf^ennis 



-rrab (Fig^ GlflV. Some LuJblerab terminate in the ventral sp^y mattrr 
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where they synapae mth motor neurons which mn out through the ventral 
Tooti Lo muscles or to the autonomic iicr\xius Other roUacerais^ end¬ 

ing in the dorsal gray ntiUtrr^ synaissi; Ujere with intermediate nenmnSp the 
cell bodies of w^hich an: in this part of the gray matter^ The nenrites of these 
intermediate ncorom usually nin into the white matter where they may 
enter oiir of Kcvcral trarts, either ascending or assodation.. Stiil other cul- 
bti:r:ils niTi through the dDrs;iJ commissure to cod in the doti^ gray matter 
of the apposite Aide of the cord. 



Fasdculu^ 
Prcppdui Demofb 

Foidruliifib 

Cvr^bftispinqlb Lahsftulli 
Fasckulii'i' 

Faickuius 
Pmprivs Ventrona 

Fascfculm 

C«r«brcif Snoljs VAiitraTia 


Fuickului 
GracWh 

-Ri$dctjlijl 

C-unntut 

E)arfiql 

r'Splniic«f«t» 1 W Tract 
Vvnfral 

j . S^noc«feh«llcEr Trctcf 
Lateral 

^Spinotholamk Tract 
Ventral 

'^inathalarnk Trad 


Fig, 6 lit, The: prTnf.Epa] tracts of iIk crrv'kiit reantui oF the liumiiu tpuial 
curd, {A/ter RaoBon.) 


The fasciezdus^ gracilis and fascicuius cancaluSt which mahe up meet of 
the dorsal funiculus, are compcxscd mainly of ascending branches of the 
nciirites of sensory^ neurons (Fig, hiy)- Fibers from sacral^ [umbar^ and 
lower thoracic spinal ganglia form the fasdrnlus gntcilis, while these from 
anlmor thoracic and cers^tcal ganglia constitute the oincatus. In thecemcal 
regicm these tw'o tracts are separated from one another by the dontd inicr^ 
mediate septum. The courses which these and other trarts take upon enter^ 
ing the brain wBI be considered later. Aldiougfi sonic oJ tlie short di^scendlng 
branches of tlie senary neymns may also run in these two tracts^ moMt of 
them take other pathways. 

Some of the intermediate neurons with which the collaterals symapsc* as 
mentioned abo\T, njn into Lhr spiticiceiT!>rIlar tracts^ Icxraled chiefly near the 
surface of the cord in the lateral fiiniinlus. The dorsal sptnocefebeUar Iracl 
arises fmm cdl bodies located In the dorsomedian gray matter {nucleus 
iit rsfslisy sometimes known as Clatters returnn i of the fame side of the ct>id* 
The cell bodies of the fibers making^ up the ventral spinacerfbellar tract are 
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lound IQ the dorsal mid mietmedhite gray matter, of the opposite side of the 
cord as well aA liie same aide. 

Other ititcmicdiaie ucumn^ with which collaterals joni in the dorsal 
:gTav matter^ run through the \Tn:itral while commimiTe to enter the spino- 
thahanic tf^cts, wiiich arc therefore oossed tracts^ being composi^d of hfiers 
which haw thrir cell bodira on the stdc eppo^^ite that in which they nm^ 
llie Dtniral spinaihfdamic: troi^i Is at the surfiiec In the ventral fumculns, 
H’hilff the latmd spinothidaTnlc tra^t just nicdbl to the v'erttxal spinen- 
cerclielhir trac t. 

The primary setL'aory neurons a^clated with the lateral Bpiooihalamic 
tract dillrj in two important respects from those connected with the other 
tracts. First uJ all, they are mtirely immyellmted. fn. addition, they' do not 
send branches up and down ihc cord ljut, instead, enter the gray matter 
almost at once to synapse with neurons of the second order whose fibers then 
nm into die white matter where they' etnet the lateral spinothalamic tract- 

We may further observe that of these six amending tracts the fasciculi 
grarllb and runcatiiA have Ihcir cdl hodiea In iipitial ganglia, while the 
other four ha*^e theijr^ in dorsal gray matter. Abo, the spinothalamic tracts 
and some fibens of the ventraJ spmcic£relk:llar arc while the Dthcr 

dircc have their cell bodies on the same side as that m which they 
run* 

Tliese tracts abo differ in fimctkin. Impulses from "^muscuiar-seose” 
organs in muscles^ and tenduns and ihuse from sense organs of touch 

in the skin arc carried by JicniHory fibers which run at least a short distance 
ifi tile ra.^r.]Ciili gracUis and cuiieauis. These impulses are carried to the brain 
rhrmigh three dilTtrent pnths, niunely: (1 J ihr original fiber:* of these two 
fasciculi: (2) the spinocerebellar tracts; and (3l the ventral spiiiolhalaitUc 
tracL In the case of "muscuLir-setisr," most of die rmpiilses going to con^ 
sriotu; Teveb are rarried to the bmifi in the original fibril, while those going 
to the subconscuoui areas of the cerebellum arc transfemd to the spint^ 
cerebellar tracts- TaciJte Impulses may also be carried long distances ifi the 
origTnal fihens^ but most of thmv arc tonsferrad to the ventral spinothalamic 
tract bcfoix reaching the brain. The patbw'ays for sensations of pain, heat, 
and cold go at once kno the gray niaiicr, then acrofA to the appcoiitc sidcT 
and forward In the lateral ^pir|uth□Jamie tracts 

{h ) Descending Motor Tracts.—The corttc^sjdiuil sysi^m^on the oLter 
hand, mtis front the brain to the cord^ constituting a motor tmnsmisrion 
highw'ay that reaches Ets highest expression in rnammab. .^rising from eeU 
bodies in the cortex of the cerehrum in the anUxior part of the braiia, h 
grows down by means of neurilt* into thr curd, eveniiially reaching the 
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ventral hom ol the gray area to synapse ivitb tlir neumris thrrr tvhose fibeis 
extend outward through the central rooiii of die ^puuij ncrv'e to the effector 
nieLhauisms. 

Noi ah of the cordco^piuaJ fibers follow ihr same MtK^i of them, 

upon reaching the ptisterior part of the brohi imedidla) , cross over from the 
Side of dieir cortical origin to enter tiie cord oti the tippedtc ddci forming 
the erms^ii pfriFmidal inters^ wliich are Ijordered no tlic outskic b\ the spino¬ 
cerebellar bundles of the lateral funiculi t blh). ITieae tracts Logctlter 
form “a great motor strand which hrings the spinal motor apparatus under 
the coniiT)! ol the will” (Cunningham). Other fibers, fewer in number^ 
contitiur from cortex lo cord on the same side of their origin, fonniiig the 
dittet pyra?nidid irart^, dmt come to lie on cither side in the ventral fEitric-' 
liliis cli'i&e to the \'entral fissure* *rhese latter tracts arc found in only a few 
mammals including the anthropoid apes and man. Just beXorc tJir fibers 
compeeing them temiinalc, they also emss avei^ through the while romniis- 
sure of the cord* and synapse with motor neurons of the side opposite from 
diat of their originp lo that finally all neurons of the ccrtito-spitial syirtein 
ftulLc conncttioms with effector rieiimns nn thr sifk of the body opposite 
to that cKXupicd by the cell bodies front which they originate in ihe brain. 

Other lesser descenditig bundles run from dtfftrtnt partjs of the bniin to 
the cord where they syTiapse with nioinr neurons. These tracts aid in the 
complicated regulation of die effectors of the body. 

[rj ..\ssoriatk)ii Groumi Bundles:*—Earlier wc described ^jimplc mtra- 
segmmtal reJIex arcs, limited; to one segment and involving one scrisory^ one 
motor^ an^i usually one assodaflon nenmn i Fjg, 596) , have also *ihown 
how Jiiicjsi'gmcmtal relies airs may exieml o^rr ?icgmcnte in addition to the 
one through which the iicusory neur<ui entered. !n the latter type neurites of 
Lhc -Sensorv neuroits rim in the dorsal columns giving oil ciillaterfiU at v arious 
Irveb. These coHatmals in turn went in in the gray matter lu cam impulfi^ 
to motor neurons either directly or through an asociation neuron* 

Another type of intersi'gniental reflex arc is that in which imptihc;^ arr 
transmitted from cnieseinsoTy neuron to mntor ncTirons in a mmibt^ laf xeg- 
menis through an Iniermcdiatr nciifori, A collaicrai frorn a seiisc^rv' neuron 
enters liir gray matter w here it synapfics with ihe dcndrfte of an Enlcr- 
medmte cell. The neuritc of thl■=^ cell rum into one of the white ground 
bundles lying immediatrly amund the gray area. These bundles, or faideuli 
priifmi, are found tti all three funiruli wh etc thrv form ati .ilmost com 
linuoiis layer arciuzid the gray matter > Fig.. 619). A neurite entering one of 
these bundles splits inio ascending and descending bninches each of which 
runs for only a few' regmeuLv (Fig. 620). Along thdr courses these fifjcrs 
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give off ccallattrab which mum to the gruy matter where they $ytiap^ with 
nmtor ticiirRitH* In this uianticr relk_\ are spread over several 

^gmefus through assoctaiioii neLUDiis. 





Ma^cM-Cjll 
In VentraF Hom 


Fig* 620 . SiMfe^gT^m nf ttir tpinat f*ird thrm'ing s difTuie ref!rj^ nf niic 
gide dI Out burly, ijurird l]jrt:]ui^lL Ju ji Im^tkiihu pirTpriui. (Fmrtt 
Raiupe sijq 4 Ciiiiik. 7'hr Jnir/omy of tHi Nirri^oul Syjfrm^ copyright 
IS*!?, by prtmii^ckii oi W, K, ^auiidrn CuLiipany^ pLiblhltcm. .\ftcrCajisL) 


jVs in tile case of miriiiirgmeTitaJ reflex arcs and thr intcrscgmcntal 
t>pc III whkh the diffcmii lev-els lire reached through setisnry nruntes, this 
type involving proper fasciculi is not limited to one side of thr cord. Some 
of the inicjTiiedbte fibcis cnxss m the ventral white commifisure to send 
impulses out through mornr neurons of the side of die body oppo^te that 
to which the semon' neuron Ijcloiiged. In these variouis way-s the two side* 
of Ihc body and the various jsegmenis arc intercotmected so that a response 
is hy no means limited xu a tocallzcd area. LFnder ordinary" circumatancefl, 
howrv-er, ihr re*poTi5ie will not be diSnac an in the case of tiervtr-ncf tran^ 
mission^ Iri^ead the impulKs pas alcmg appropriate pathways as deter¬ 
mined by synaptic connections within, the cord* 


It is evident fitioi the ahnv-e dcaaiptiMi that motor ncinonu may syti^ipsc 
with fibers coming from a vTiricty ot places. In fact a sin^e motor neuron 
with iti much-branched ^et of dmitlritcs may have impulses funneled to it 
ihrough several primary sensory neurons as well as by fibecs from faficicull 
propriip corticospinal tracts, and other tracts which space has prevented us 
from djscusting. As Sbctringinn has so aptly sisid, a motor nsmim is *'the 
final commcin path" of many reflex aroL 

AIso Jt is evident ihai the cell tx>dies of the fibens which make np the 
trar ts of the spinal txjrd have three diffrrmi Irk attons: (I) spinet gimgthy 
giving rise to the fasciculus gradlffi and fasciruhis caneatiis, as well as many 
ootlatends which enter the gray matter of the cord; * 2) gmy matlirr of the 
cord, giving rise to ihe ibmc fascicttli propru (rforealis, lateralis, and v-cn- 
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trails) I the (brsaJ anU ventral spinojccrchcllar iraets^ and the lateral and 
ventral spmpdiiilamic traets- and [3) the br^in, givkig rise to ihe crossed 
and direct pyramidal tracts^ 

The pattern of the gray and while matter, aj well a? the actual saze of 
the whole cord^ yancs greatly at different k^'cls in any individuals Since the 
white is the traimnision highw'ay between the cord and ihc brain, it 
naturally becomes rtnnulalively larger the nearer it approaches to die brain 
itself. Relative incroi.^ in the white matter at diffeittit levels within the cord 
of mammals b cjcpiameii as machinery that makes po^ible more reliance 
on the brain in regulating ihe behavior of the animal. 

The relative amount in square miUhnetens of the white and gray matter 
dimughout the human cord is shown by the curves plotted in Figure 62L 


KOI* 



Il(f* 621 . Dj.igr^in showing by run*w Tlie area, m mtnil levels of the 
cordj of tbc whuc and gx.iy and of the mou of the fpiniil nerve*. 

(Alter Ot^tialdson, compilrd from mertUlreiiiiftili by SlfHmg.) 


6. Comparative j'\natoniy of the Gord 

The Cord of &m phiox us resembles fhat of the vertebrates in having art 
inner teginii of cell biddies outside cif whiiih arc massed the fibers. The rniine 
ccifd made up of gray matter^ however, as no medullary sheaths are laid 
down in this animals Some of the cell bodies of sensory neurone arc located 
in the corti^ w'hile other# are distTihuted along the dorsal root^, nev'cr being 
grouped into compact spiral ganglia. The central canal w a nanow slit 
with only a thin rotif-plaie^ as in vertebrate embrv'os \ Fig- S22 )* 

Crass section* of the broad* fiat cord of cyclostomcs show clearly the 
dure zones which jire typical of v’ertebTates (Fig. 623), The nearly circular 
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Fljt G22. Cross icrtioQ ihrnii^ ihc spiiul cord oF ainphicixus, sliowui^ 
Ifxiuiout of ccU hodifis, (Alter Fra nr. V 


Fi([, 621 Cfoa ttcHuo tlirtsmjfi tttr (piiuil i'nrti ni PrfMmiysopf, (Ftmri 
Kuppert. Hiiber. and Cmby, Tfn Cumpatatine Amiamy of the Nervetu 
Syitem of Vrrtfbralet, hteludtn^ Ataji, copyiiaht 5 D 36 i. by ptrttiraid^it dH 
The Msicrntlldii Uatnpsuiy, pubHihcri.) 

cenTfaf conal U suiroundcd by lar^c ependymal cells. Then there is a middle 
mne of nerve cdl ItoJioi outside of wliir li» a peripheral layer of fibas, nnn- 
rnedullnied aa in the tiisc of .imphiosrts. 'nir cell bodirs aie not confined 
to the vicinity of the centmi canal but arr dkirihntcd In a bfoail hand that 
Qrtentb into the lateral parts of the cord. Althrtiij;h. the crll bodies of some 








TJie DoTtiinating Ftictor 

scjiifloiy iieiiron£ arc located in die toid most of them are in doreal root 
g^gtia as in higher votehmtes. The ticurites of these sensory cells run short 
tiisunecs in the dorsal pan of the aW giving off collaterals into the gray 
matter. In general the cord h for local rcJleaca htit there are a few vetv 
large motor /ihen o/ M uUer which run from the brain to the posterior end 
of the cord. 

The C4irtilaginnus ashes show definite advances toward the plan of 
higher venebrates. For the first time myelmizatian of the fibers occurs, 
forming true white mauer. Further the gray matter show^ an arrangonent 
into dorsal and ventral homs. although the dorsal horns arc usually com- 
hmed into a single broad region so that Uie pray matter is shaped like an 
inv erted T rather than like an H as in marnmals 1 1? jg, 6 24 ji. 1 nstead of 
being arranged in comptict dnrsaJ funiculi, die Hiiiiiury ncurites form small 
bundles scattered through the doisaj gray matter. Also these sensary fibers 
arc uitually short, not extending into the brain region as, they do t» maiit> 
tnab. Gmiparcd with cydewtomra there has been an increase in the number 
Ilf tracts set up between brain and cord. There are asceoding fiber groups, 
probably corresponding to the dotsal spinocerebellar tract, as well aa several 
descending tracts from the medulla and mid-brain. 



Fip. 62'1. Cmaa scafEjn of ilir spina! enrd af a cBrtilnginiHJt fiiti. (From 
Kappers, Huber, and Crosby,. Tkr C/xittparaiiet Amatomy n/ rAe ^Virrvnaj 
Sytttm V*rttfbratn, indudtng Man, cnpyhflit 1936 . by permiotioa of 
TIie Mairmitlmii Ciampaay, piibluJicr*,) 


The amphibians are the first to have brachial and hmibar enlargements, 
which moke their appearance as the result of the development of the le^ 
As large dorsal fijujcuU are laid down, the gray matter asmrncs the butter¬ 
fly shape, Varioiis tracts have beert described including die dcjtsal spinonrcrc- 
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bellnrs and the probable rorcnjimers of the spinoLhalamics. but the brain billl 
E!:KeilA only limited hiiliience upon spinat reflexes. 

Reptiles have well ckveioped brachial and Uimb.ir cnlaTjgemcnt^ eJtccpt 
in the limbless makes. In turtles the cord very' Lhin In the Lhomcie rcgioti^ 
a enndltion probably dnr to the alm^^t complete absence of thoracic mu3- 
culature. Reptiles are the first vertebrates in which the daisal funiculi entry 
great numbers of fibers to the brain and tlierefore increase in size as they go 
anteriorly. 

The mammnlEan cord* tinhke that of reptiles, birds, and most anamma, 
mrvef cxtciids the endre ieiigth of ihe vertebral column. Tlic great develop 
ment of the dorsat rimituli, which l>c:gan in reptUffi, becomes progresively 
greater in pacing from the lower to the higher mammals. The corticospinal 
tracts, from the ccrebraJ corieXp are peculiar to mamroab. Only the crowed 
tract ha$ been described for most mammals; but the \icTttral* imrrowud trac* 
k said to occur in rodent^^ cetaceans, and some ungulates, in addition to 
the primates. AUlumgh the crossed trad is nRlinaiily in the lateral fuiiiculus, 
as it IS in map, it is found in ilic dorsal funicului^ in motiotrmies, marsupials, 
rodents, and ungutates. 

Vm. MENINGES 

The pincioujt ctmlral tivrvons syTtein h siiTroimded with wrappers of 
i^rioiis $ofts that mak-e possible vertebra! movement and lurning of the 
head without injuring the cord nr liraln. Tlie iimer envelopes Immediately 
around the cord are tamed the fneninga, fn higher vertebrates there are 
three mcning^ whirh, from the inside gut, are named the pm mater^ the 
iiFaehnmdHti and the dura mater^ 

The pia 7natet beats hlood vessels and * r^nscquenily ha5 a nutritive mis¬ 
sion primarily. It sitsiu carrion nenTS which sitpply die blo^id vessels It fits 
with tailor-like snugness close around ihe coni and the bmin, descending 
into the fisures and rverj" iinevctuics^ of die surface, h has liern likened to 
the thin, close-fitting^ birtrr skin around the kemeJ of a wrinkled walnut. 

Oijuide thr pia is tlic irrachnoid layer, formiiig a spidrrweb-like mesh- 
work of grea* delir^y, hrpec its tiame« ITiis w succeeded by a dense connec- 
tivf tfesue of protective nature, cormponding to the sliell of the walnut^ the 
dum mater, which \%Tthin thf sktlrial envebpe^ that is, the neural jirclies 
of the vertebrae* 

In the cranium the dura utiites with thr inner peri^lf^tellm (endosteum) 
of the skull tKm» to form a single shrcT of thsije { Fig. 624). In the rnrd, 
however, it m not m dirra enntart with The endorarhu^ the cndriMeal Saver 
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iif iiQiitiecdve limic which iht jwunil cariiil anei ties against the inner 
5iirfacc^ of thr nrnrAl aichi^ii and cenLi^. [mlead, dun? and endomchis are 
separated fruin one another by a ft^nmeningeal space filled with a lluid^ la 
addition, the spxite between the dura arui liie arachnolil {subdural space) ^ 



625 . 1 i Fmjf ui ihc goienil of iltc mcnitiges to the 

hraiiL (Alter Romi^re.) 

as well iw that bet wren thr arachnoid and the pia spare) ^ 

i*! hkh is relatively of eonsidenibk sizc,^ is fillrd with a lyinphlUte cfrebtir* 
spinal fifuti, thufi farming jacJtets of luhricalin^ material tlial serve as shock 
absorbed, miikini^ possible the niowinent of the vertebrae upon each other 
without causing mechanical Injury to the cord. 

In lower fishes tiicre is only a single meningeal layer, the memnx priBu- 
rrVd, sirpatated from the eudorachls by pcrimetnnge^ tissue (Fig^ 626 a), 
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of the Vertebrates 

In amphibian?^ rcptiJa and birds, the mminit primitive bci:onK:?i split 
into dirnU and piaJ Uyo^ whb a siibdtiral sp-mc ticiwccn {Fig^ 62fiB)i whilr 
ill mummafc the Miner pial layer I*? further dlfFfirentUted inlo I he iirachnoid 
and the pii (Fig. f>26c) p The compkie list of ejivdeipes tjf the mammnliiai 
cord from Lbe inside out is as lotb'^'s: pia maier^ uubaradinnid fluid, arach¬ 
noid, subdural fluid, dura mater, pcrimemoi^a] fluid, etidoraehis. vertebral 
arrh, tendons and muailcs, and skin. Wjihm the eranium the endoraiJili and 
ihr dura are contiguous^ not being separated by a fluid-filled space as in the 
cord region. 

IX. BRAIN 
1. lu €^era] 

The human brain has been characterised as ^Siature's master contriv¬ 
ance,” yet it must br rtnicmhercd that the ^cat majority of organisns on 
the earth All out their cytde of existente, accomplithiiig aucccssfnfly the two 
major activities of iarlf maintenance and the mnlmuaUDn of their kind with^ 
out die &id of so dabomte a mechanism as that which in man becomes the 
'"mofii compilcaied organ known’" (Minot 1 . Neverthclwa with a human 
brain ii Iwcomcs pcedble to ftW a human which involves something 
more than mctafciolism and rcproduiLtioii. This lofty goal has been gained^ 
as comparative auaiotny reveals, only after much evoluiiotiary travail, 

1*he vertebrate brain b the enlarged anterior end of the meduUary tubCi 
Like the cord it is a cotilinuous tubukr structure, the walfa of which are 
tomposied of tirurana that are arrangecl in rnmimmicailng tracts and adjuiit- 
ing cctitenSj supported and protected by noD-mu^-ous ekmeiitis, 

Tlic brain became differemiaied from the cord as the reauk of a mobi¬ 
lization of nerve dements in the neightiorhi:irKl of the important sense organs 
of smell, sight, hearing, and taste, which are on guard near the entrance of 
die digestive canaL Whenever the^e sense or^;ajis are reduced or al^cnt, as 
bi decp-fica or cavT animak. nr b foraiSj the brain dlminkbes in 

corresponding degree Although the sense organs of the head unquestiimably 
take a prominent part in determining the modificatiortt which the brain 
undergoo, they by no means set the limit Eo iia differentiation, for there arc 
many animals with inferior brains whose sense organs are superior to those 
of man, it Is primarily the assed^ive ^rntefs Eliat form the outritandlng 
feature of the hratti. Its genera) mass and contour, unlike that of the cord 
with its brachial and lumbar enlar^cmenis, are not solely dependent upon 
the area of sthnulus-mick-big surhice involved, nr the amount of glandular 
tissue supplied. 
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In other WQrd^i^ the conspiajons cnlargemcfito that cimracteri^ the walb 
of (lie brain are not so much due to tneonimg and nutgoing limha of rrffex 
att» that relate lie smimal directly to it^ cn^inonmerit, as to iniernal associa¬ 
tive txjimcctiom which, at least in man, enahlr the brain ^hkh ‘"sits in dark¬ 
ness” not only to rcconstjurt the ciutskle wcriil but abtj to prfs^rvt the 
ac€Lmiiilatlt»Tt3 of memory and cv'cn to provide for cixatis'c fligbls of 
imagination. 


Corpora Ouadn9flfnlna 



Rgp. fi27. I>orsal armory and vcmral maicrr to^ons oi die br:iiii sicm. 

tArltqr Mifirt ijJ 

The primary' axis^ or iriajH jirnti is directly Kincemed with pcriphrml 
ner\c T?latiuti:ij the m^for coitera and paihway^^ both somauc and visceral, 
being located along thr vmtral region as in the cord, labile the visceral and 
somatic rirnsory neiircms iHiciipy the dts^al area ^ f’ig* 627). Upon this 
primary cordlike axis of ample reflex-arc s>'slcmB, is superimposed the rday- 
itig association centers of correlation and cocirdinatiaii, the enmplex e^rf* 
brum and errebdtum, which are tincc removed frmn direct sense reception 
and muscular rcsporise. Carrelatwn centers coueem the adjustnient of in¬ 
coming sensory^ istimid^ while coordination centers regulate the uglgoing 
mo t nr respeuw:^, Thc^ superrmpow d centers cJ the brain may be com¬ 
pared TO the switchboard of a telephone exchange^ where messages arc 
receb ed and distributetL 

2. Coniparwm of Brain and Cord 

The central ntrrvniis eyfltem of amphioxuji is all rord and no brain (Fig. 
628), Tiic true rke nf the vertebmte brain begins in Ashes, where the cord 
still outweighs the brain. Among amphibiam ihe brain overtakca the cord 
in bulk and weight, while in modem repUlcsi ii gea the lead, which ever 
aficrwards in the vertebrate scries is maintainirdi 

In mammals there a ao ending domiiiaiice cpf the brain over the cord. 
A cat and a macaque monkev^ for example, with cords of the sairic weight 
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(73 gniiTO-), liAvc bctn fuunsi to liavc braiiis weighing 29 and 62 grams 
rspectively, or rstitjs of 1 t"l 1 18 . Tlir rniiD in man ts nearer I >30} an 
awrage measiiitmcnt being 26 grams for the cord as compared with 1355 
gratns for the btain. 

Tlie absoluic whisht of the brairij it should be nfjtcd, is not in iLwU a 
reliable ciilcrioa al mteUjj^encc, since various factors, such as form 

of ikuil^ and weight of body^ well Ehc comparative 
size of diffcrcnl parts of the hTiun. must be lakcn into 
account. ]t is quiilily rather Lhoii quantity that counts. 

"^fhe a>'eragc human mak lias a brani of about 1350 
grams in weight, while that of the average human female^ 
not to ^turt an argument hut ld state a fcict, is something 
like lOO Stinietiiiiei the size of a brain is deter- 

mined more by the iion-ncrv'ous neuroglia cells than by 
the ncmtiriA. 

Some mutable dcviation& from the average ’kraghi tif 
human braim are recorded as follows: Thackeray^ the 
novelist, I fi4r4; Cuvier^ the comparativ'e anatomistf IB30; 
Turgcnieff^ tlic historian 2012; ffacckdp the liiologist, 
1575 X Agassiz, the zoologi&i^ 1495 j Schumatin^ the mvisi- 
dan, 1475; Gaml^etta* the atatcaiuii, 1294; Whitman, 
the poet, 12S2; iXilliDjgcr^ the anatomist^ 1207; atul 
Anatole France, the writer, 1017. it Is not die size of your 
w'r^ watch that is of importance, but how good time it 
keeps. 

Tile weight of the brain of a dog, gorilla, and man, 
having approximately the same wdght nf body, has 
been found to be 135, 430, and 1350 gnuns respec^ 

tivcly. 

The >£tual maw of the htiman brain is exceeded amtmg anTmals only by 
that of the gigantic elephants and whales, the size of whfisc tiofly is mauy 
times that of man. An examination of the cranLal cavities of the great rep^ 
tile of tile xM€si>znic age meals I hr fart dial they liad inrignificajit brainiv 
in proportion lo the enormuos bulk of their bodies. Indeed it a source nf 
iUttoni&hmcnt that these monsters of the past were able to get ^bout with 
bTains relatively so ^maU^ but it miu^l be irmembened that eventually, after 
an evolutionary experiment of several mihion years, they did succumb. It h 
doubtless more than a coincidence that the twiTight of the dinosaurs and 
their reptilian eniilcmporari® fell at about the same titnr aa the dawn of the 
mammals who were at Gnit rompar^trvTly iiuignihcanT tu siise* hui wbo had 
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a new and rmoLnlkin^iry ratio establkhcd between weight of braJii and 
weight tif body. 

DifTci^utiaiion ol the firaid 

The tranaforaung embryome brain is a key to the adult structure. The 
tugdificiation of the sitnpie tubular brain into the exceedingly cumptex strue* 
Lure found in man U broughi about through the following phases of growth; 
(a) cctnstrictbu; {b) unequal thickenings of the walls ^ (,c) invagiimtion 
and evaginaiion; and (d) bending- 

fa) Constrietion,—The original somewhat inflaied anterior region of 
the medullary tube, which is formed 
upon the closure of the medullary 
groow, b called the encephdon (Fig. 

629a). 

Very eaily in cmhry'onk life (ihe 
third week in man), the encephalon 
becomes marked off into thixc regions 
by two eonstricuons (Fig* S^b). These 
primitive regians arc dcrignated as the 
pTOjencepkalpn^ mesenc^phidmf and 
fhomb^ncephaloiit the latter so called 
bccai^ of the kite-shaped appearanoi 
of the vrnlridc^ or cavityv showing here. 

A little later (the fourth week in 
man) j the prosenceplmlfm becomes fur¬ 
ther coDstricied uiro two subTc^onfi, the 
idfncephnian and the dianc^phtdon 
I Fig* 629o)* The rbomfaencepbalon 
likewise [ about the fifth w^eek in mau) 
is sulhhvided into a m^ttneephidetf and a myelrnciphjdorif thr mesenceph¬ 
alon retnaiiiittg uDconstricled as it was before* The brain b now marked off 
Into five definite areas {Fig- 629 d)^ arranged m order from anterior to pos¬ 
terior as follow'st telencephalon, dicnccphaloa, mesencephalon, metmrepha- 
loTij and myclcnrcphalDn. 

Certain of these primary rcgioi^ of the brain are destined to take on 
fipec.ial importance, because of the aeiuie organs with which they are inti¬ 
mately cormcfted. The tclcnrcphnlon may be regurded as the *biosc brain/* 
rJie mesencephalon ua the “eye brain/' and the myelencephalon as the “car 
brain," wuth the additlniial assignmcnl lo the Utter of braiu*^ and 

^Sisceral 



Fi^. 629. Diagwiia of the difFermtia- 
dnn of the cnccphjlon. a, priTritivc 
cephaEnn; b, dH'isaQfi into m atiierk3T 
pTMenreph^LciD^ 4 mcscnccphaloni and 
a pf>4ienpr rhottibeucrpiuiltiu; i; and 
D, fujthcr divuion into thr fi%*t rrgiona 
of the brain. (After Rouie.) 
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Cyclofttomes ihrcughoui life rtmalii with the brain coniitricied into only 
three regions, but from hsheii onw^ard the five [undamentaJ parts of the brain 
are deariy represented* 

(fr) Unequal Thickenmg of the WaEb of Ihc Braiti*—The w^alk of the 
primitive encephalon are at first of approximnteiy equal thickness, but as 
iicintins devTlop and collect into ccdtri:^ and trauMm^iun tracts^ the dbpnd- 
lion of these tzoUections of nerve dements brings about decided contmatfi in 
the thickness of the waib of die brain in different places^ 

Tfic thinnest rcgiom are at two points, the nxifs, or ueln^ (1) of the 
diencephalon and small median portion of the telencephalon and ( 2} of the 
myelcncephakin (Tig^ 630). Eadt vdutn mdudes only the thin ependymal 
byetp 
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The thickest areas, on the other hand, are the cmhellnm, which 
ilrvdijpej from the dnrsd part of the tneicmrcphidon, and the walls of the 
cerebTiiI hemUphrrts^ the paired antcro-lateral ontgrowths which make up 
most of the telencephalon. The ctrebml hemispheres^ the crowning hope of 
the evolving braiit, beentne m cnorninuily ihickcncd and enlarged In mam¬ 
mals that they overaliadow and entirely cover up both the diencephalon and 
the roesmcephaloti^ concealing them from doraal riew (Fign 652)- 

(e) Invngtiiiitlpfia and I- vtigmatinns,—There are two places where the 
brain wall h pushed in or inv^gmated, n.^mely, In the fcginns of the thin 
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\icla jusE mentioned. Over the outside of these thinrEest places in the walls 
□f the brain extends a network of capiUxiies in the fria mater, the vascular 
rtuniinx that intimately envdop' tiir brain, 'riiesrt: capillary nets ate ihr 
choroid plexuses, ivhich by mvaginaiion are pushed down into the ca^hic^ 
of the brain Ijelow, carrying the 
Lhin wall with theiiL They provide 
a blood supply for the inside of the 
brain. 

From the w^aJls of the dimeerph" 
alan^ there also occur vaHous 
imitiom. In certain vertebrates ihcsc 
are two fingcr-like outpushlngs of 
the wall, one behind the other, on 
the dorsal side jusl behind the in- 
vagirmlrd choroid pttrsiisk The 
anterior of these cviigUtations, near 
the junction nf the ectebra] hcrrii- 
spheres and the diencephalon, is the 
panctal organ^ w^hich is particularly 
developed hi ccrUiin erptiles, while 
the po3ierior projection^ the epiphy^ 

or pineal gland,** appears In some stage of degeneration or clalxira- 
tkui in practically all vcrlehralc^ (Figs. 418 and 630). 

A ventral median cvaginaiion of the Hoar of the diencephaton, the 
infundibidum^ Iih1 $ already been mentioned. It joins a glanduhir upgrowth 
fo™ the fDcif of the mouth to form the kypopkyjiSt. which, like the pineal 
body, has been briefly considered in Chapter X\T as a 
gland of intcmnl ficxrction ( Fig^ 417), 

The optic stfdks extending out frntn the sides of the 
dictitqihalon in early cmbr>'onk life arc also evagina- 
tkiTO (Fig. 63! )- 

(d) &mding?f,—fn tyclostoraes und other lower 
vertebrates the parts of the brain retain their primitixT 
landem arrangrment^ hut w'ith thr onritsh of growth 
and the ultimaEc cunfinitig limine of the idtutl, it become? 
necessary for the braih stem to bait! and fold to accommodate itself to more 
compact quarters. The bends^ or Ikxuro, of the brain arc typically three: 
f I ] the parietal flexure in the region of the me^ncephafon; (2) the ceridrat 
flexufff near the function of the medufb and the cord, and (3) the pontine 
flexure between thw two, Thr firrt two flexunr? hrnil ventrally while thr 
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Fi^. 63 L rjontal iliiignizii ta show llie 
cav[t[£« of the brain. 



Fig- 63Z, l>]LigTQiti 
vhr>wing the ikxtifcs 
vf Uic bnuiL 
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third hciiils IQ thf f>pposUr direction, thiui tmdiiig tn kink ihe brain ?aem 
together like a compressed accordion •; Fig. 631^) * 

4^ Ventricles 

The €^niT£it canal, within the cord^ retiuins ver^- small and is approxi^ 
mately imifonn in size thronghoni Its length, it h the rsiiilt of mvagination 
and growth* ConLinuoiis with the centra] canals and like it Dllfd with 
r.’crrtircHSpinal flnid^ arc the eavitif:®^ or t^entricks of the brain (Fig. 63! J* 
These arc chambci^ of imrqmd diuiensluits^ and are frequently enemtehed 
upon hnt never entirely obliterated by the thickening iv:ilJs of the In’iiin itself* 
The fourth ventricle is the tnosi posterior cliambcr„ located in the 
rnyclencephalmi and metenreplnilon, ix h roofed over by the thin velum 
which in ordinary dissection h freciuently tom away^ expe^ing this ventricle 
a somewhat triangular trough^ narrowing posteriorly to become the cen^ 
trjJ canal. Antcriurly the fourth VTtilrkk leads intt/ the cavity of the mesen¬ 
cephalon. a larg^ in lower vertdimles tint reduced to a slender 

canals the aqui^duct of SytL'ius^ when tlic walls of tliis region Lhickeii in moai 
higher gmupfl. 

ITe aqueduct cornmnnicates ajitcriorly with a narrow vertical slitlike 
third ventTictCf the cavky of die dleficcpfaalon and Small median portion of 
the tdmcephalon. Its anterior wall w the lamino tr^rminalis^ the mitcrior 
nnd of the enibiyonlc brain^ w^hUc its roof is the tliin velmn, TTie paired 
cc!rebral hemispheres^ which gtrvw' laterally from the telcrtccplLiion^ enclose 
paired cavities^ the lairral vrnirides, Eadi td iha^ Intrnil cavities commii- 
Tih:ales with the small tdcnccphalic part of the third ventridr through ao 
intevventricidar fitrarnen^ tailed the faramcn of Monto^ 

5^ General Topugraphy of the ^tammalb^ Bnuii 

Before ccinsidcring the chief evtslutioiiary changes in. the brains of vrrte- 
wc may diaetJS' the main features of the manimaliao bniiut 
which represents the last chapter In ihc story but which has hem niDrc thor¬ 
oughly studied than that of other anuiiaLt. 

"Fhe dividing fKimt Ix'jwccn ihe sphtal cord and the brain k a somrwhni 
arbiirar^^ one. there being no sharp line of demarcation between I he cord 
and the psfiterior part of the niycknrcphalGn, or medutto ohhngaia^ It 
usually stateil tfiat the brain i? that part of the central nervous syirtem whif h 
ts within the skulb vrhilc the cord begins at the foramen magnuiru at a poini 
Lmniediaidy anterior to the first cen-ical f^Inal ntrvt^* 

Although the pofiierior md of the human medulla oblongata resembles 
ihc cord in both cxtemul apjxarance anti internal fcaturt'S, Its anterior por- 
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tion differs totJsidenibly froixi \ht cord* as a result of many rearraiigonenia 
of pam hcriL Hie dmsat /issar^ coiitiiines forward to about the miiliiie of 
the medulU vs'here the £preadin|T of its Inicral walk, the funicuU graciU^ and 
tranEforms ihc rtiof-plaic region Imo a broad thin vfilum 
posiium (Fig* 633). The cc^ntral mmsd, wliieh has continued into the 
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Fig, fiil Daftal view of tbc hiunan brairv (After ToltfL) 


medulla, expandfi intr> Lhe fouTih uentnde as another resuk of the spreadin.t: 
of these funiculi which thus bccerme the lateral walls of this cavity fFig, 

634) . Tlie thin velum is covered by a highly vascular pia mater from which 
tufts of blood vessels push iritu the fourth vemricle, carrying the veJum 
idiead of them, to form (he poitfrior ^fhoroid plexus. In each of the lateral 
waits of the ventricle, filicis contitiuc forward to tfjc anterior md of the 
medulla and tlictt turn dorsally to enter die cerebellum. This pair of connec¬ 
tions, known as the TestifoTni AfldiVi, or pastfriot cerrhfllar p/niuncUs, is the 
chief pathway joininp the *;crebelluin with the tncdulLi. and rtird. 

The vtntrat pssute terminates at tlir anterior end of the medulla f Fig. 

635) . Anteriorly this fBsure separate two inngitudmal sweiling!:, the pyf^' 
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mi/fjp l>iJig side 1>^' 5idfr in the vnitrai part of thr mcdulLa^ TbOit; Ftnicturrs 
are eompiMrd largely of thr rarticrtispiriai tracLs tliat extend tmiji thr gray 
matter of the cerebrum down mtu Uie corcL Near die posterior ertd of the 
niediilLi^ bojiiilra of pyramLiial hbers emss obliquely from one side to die 
oiher^ Eormin^ die pyramidat decusiatwn (decuss*, to cross as in an Xj 
which intuTupl^ the ventral fissure. The fibers which ert^ at this polirt make 
up the rrou^d f;/ramidat trart ol the cord. In man ahonl onr-fourtli uf the 
pyramidal fibers da nat cross hut coiidnue iiuo die cord as ihe direct pyra- 
viid^d iTiifL 

Eight pairs of cnmial nert'eSj V-XII mcliEiii.T:, connci t wlih the mam- 
maiian medulla. 

Antcrkir id ihe medulla and jeiutou ruling ihc anterior pardon of the 
fourth ventricle is the meirncepkat&n^ The dorsal part of thk region is 
greatly enlarged into the tereh^Rutn, a structure which has been called the 
**gvn 35 c«pc f>f the body^^^ because it is chiefly ccuicej'ned with miisrular coiir- 
diiiadon and masnienance of cqijilibrium. The ccTebcIhim ccmsists of a 
median verimtt so tiamed because of its wnirn- 
like appearance, oti eidicr side of which is a la^gr 
cfrebclliir hentuphere ( Fig. 655)., Within the cere¬ 
bri] um, the gray matter forms an outer layer^ the 
rerchellm- certeXf, covering oyer the inner ^vduir 
matter. In loogitudina! sections^ particularly tho^ 
thnmgh iht vermis, the wliitc matter shows a cun- 
spiruous tree-like arrangemen! la whkli the 
arb&r vitae has been applied (Fig- 634 

Perhaps the most intertsting cells in the entire 
hrain are the Futkinje cdls (Fig. (i36)^ abundanl 
in the outer part of the cerebellar concKn Each 
orie has two or three dendrito which branch rc- Purkinjr cell ai 

pealeiJIv to form hundreds of minute fibers spread- ccrrhdiiim. 

mg out 1 hicfiy ia one plane ""like the branches of a Ramnii > CaJaL^ 

tine on a irdlb/" to use Ratison^s apt comparisan. 

Near the cell biidy the neuriie, which tcacb towanl the center i>f the cere¬ 
bellum, gives off collaterals that run back to ward the surface of the corteii 
to synapse w^ith dendrites nf other Purkinjc ceils^ tliui Linking together many 
of these elrmrnts+ These cells are of particular intere^ because of the part 
they presumably play in the coonlination of tbe muiscles. 

Hie vrntral portion of the mctencephaiDn is the ponit, to named because 
its ventral or outer part is made up of a broad ‘‘bridge*' of fibt'rs tooping 
anjund between the two cerebellar btmisphercs (Fig* 635 J. In the deeper 
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ut Enritr pait of llie pons arc fuuiid most of the trails rcpieseated in the 
^mLi.Tior p:irt of the nicdi;Ua^ 

The cerebellum U connected with the other part^ of (lie brain by three 
pairs of fitmetures blown as c^reb^Uar ftidundi'S. Tlie posterior rcrcbdlaf 
pcduiiLles w'cre described above the restifomi bodies which cuimect 
medulla and ccrcbcUum (fig- "I*he middtr ^frebetlirr pedundfij^ the 

krf;est of thr Liu-cc pahs in man, p^tss around the slides of the brain to join 
the paitx The pi^dundes of Uie cerebellum run forwiird into the 

OirarJicephabn. Bciwccn these last iiirmcd stnictnrea the roof of {hr fourtti 
vemtriclc b again merely a iliin layer of ependymal cells, Tliis thin roof^ 
rxurnding from the while matter of the rcrebrilunt fnrw^ai-iJ to the roof of 
the mesencephalon, is known as the meduliary vitum (Fi^. ^33 

and 637)* No chymld plexiii is associated with this velum. 
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^"Centinl Cbnol of SpfnDl Cord 
Fig, 637 , SagiltGL] KcUon IhroEr^ lllc humao bmin item, f After Tuldt.) 


Hie mcsmccphajori* or mid-brairtT h the most cotiAcrvatiw region of the 
brain. It# walls, of modemitc thickness, sun-nnittd the slender nqnedurt which 
ronnects tJic tliird and fourth vcntricl-cs (Fig. 637 j. The dorsal side of Lbb 
region is marked by ffiur rounded elcvatitinSy die foTpora quadrig^minti^ 
arranged one pair behind the other (Figs. 633 and 637), The anterior ones^ 
ur anUffar cottieutL important reflex centers associated witli visual 
impuLurs, ^vhilc the posttri&f faltinidi are audititity’ centenL ^Fhc ^'cntral suF' 
face is raised up into a pjur of rou#piciiou5 rounded ridges, the cerebral 
pcduifc/er or rrutn ^tr^bri. arranged like a V with their converging postoicir 
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pa^'kg mio tile putL% ^Figp. Sl£5). Klnrc limri liair nl die fiben which 
make up these ctur^ belong tfj the ccffticospina! tracts. Dorsal to each 
cerebral pedinicle the vcntro4atcial part of die mesencephalon is kriEjwn as 
the tegmentum^ a region composed ol varioLis inicis and nuLlcit iiielyding 
the miclei of cranial nerves III and JV\ 

The diencephabn, which encloses all except die ciiast arrterior portion 
«f the shl-like ihifd v^ntride^ is a smalJ but camplex rc^pon composed of the 
following parts: { 1) ihe tw/um interpositum of the third ventricle* a thin 
nonmercuus portion oJ the roof-plate; [2] the epilhdumui, the nercous 
portion of the dorsuJ region i (3 f the Ihttiamtu^ a large mass riti each side 
Inrmmg most of the latctal wiiU of the veniricle; and (4) die kypothdamus, 

ventral part. 

The ^Tkim fonrn most df the roof of the third verttrick induding the 
cxtfetne ante riot part which lies in die am alt median portion of tlie telen¬ 
cephalon (Figp It is covered by the vascular pia maier wJiteh se.iid<> 

capillar)' into the third vrotriclc^ pushing the ependymal layer of the 

velum ahead of ihenL. Thrsr. capillaries^ the anterior choroid ptexusey. arr: 
not confined to the third ventricle but also extend through the inter^'tn- 
tricuUr foramina into the lateral ventricles of the telencephalon. 

The epitlialamu^ tfip somewhat U-shaprd remairider of the nxif^ 
includes the pineal body and the hal>eiiula, both uf whidt lie just in front 
of the anterior colliculi^ at the closed i:iid of the U \ Fig. 633). The habenula 
is made up of a pair of habentilar jjjiriigfifl connected by a bundle of fibers 
the habenular eommirsute^ which forms the transviTse part of the The 
habenula is an oifatiory center found in all vertebraicii, Tlic pinefil body\ a 
small pifie-tone-shaped stnirtuir attached by a shurt stalk to the habenular 
Cummisurcj has already been considered in Chapter XVI In connection 
with the duelled glands h 

Each thabmiut b a large oblong mass including many centers, as wdl 
a.'i hmitUes of Rbris connecting the ccrcbrni) hernbpheres w it h the retnairidcr 
of the brain and the cord. The cnira cerebri* running obliqueEy forward and 
outw'^rd to enter the cerebral henuspheres, skirt the \™tTo-latcnil border 
d die thalamus. 

'Ihc h)’pGthabiraus, lying Ijg tween the spreading anterior ends of the 
enira cerebri, forms dir Hunr and part of die lateral wail of rhr thini veu- 
iricle, li includes the opiic chbsma,, tuber cinrrcLim, mammilliiD^ txulies, 
jnfyndjbuJLiJTi^ and posterior lolic the hy pophysis. Tlie opiic ckiasma^ 
w here fibers of the optic nerves f Cranial 11 cross^ is at the anterior rod 
the hypothalamus (Figs. 635 and 637:. Immediately posterior to the chiasma 
iv ihe dnereum^ an elevation to which the hyp(iphyjiis f Sice C]liapter 
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X\T) b attached by the fujiTiel-shaped iafundibultim. The mammilUtry 
hodieSf u pair «f Mnull rounded elevations in the posterior part oF the bast of 
I he tuber fintrt iim are olfactoiy Cditcts. 

The telencephalon includes a small median portion and two lar^ 
hrol hamijpherfs which arise cmbryonicalJy as Ureraj evaj^inations of the 
meiHau regiem. In Uie median part is fouud the extreme uiitcrjor end of the 
third ventricle Irani each side of which an /nt<rri.'flnfTTf tJar fatnnten, or 
foramrn of Monro, opens into the taitral tientrUh of the corresponding 
hemisphere. The anterior w'all o( the thiirl ventricle is a thhi membrane, the 
tiimina trrmittfilii, which tiiarka the atUeriormost part of the hrjiin in the 
mid-line [ Fig. 6U7]. 

Each cerebral hemisphere differentiates very early into three regicnis, 
rorptis siiiatiim, olfactory lobe, and pallium. The cot pm rtriiirum is the 
thick vcntro-lateral pan of the hemisphere. The otfaclory lobr, or rAiFien- 
fBphalon (rAin, nose:, evaginates from die cerebral floor anterior to the 
corpus strialiinu The remainder of the hemisphere is the thin-walkd patlimn. 
.■\f: the mammalian pallium grows much more rapirily than the other two 
pans, it sociri tnalifa up moat of the hemisphiTC, extending both antcjror and 
posterior to the other parts as well as expanding laterally and doi^alJy until 
it meets ibe pallium of the other side, dorsal and also anterior to the dien- 
i.ephalon. Between the enlarged hemispheres there persists a iiiirrow space, 
known as the /ongitudirni/ CBivltrttt pssute, in which lie folds of the meninges 
of the brain. 

The corpus stfintum U so named because in the nthiH it consists nf gnty 
<juclear miL'sra aheniating with sheets of white mcdulliUcd fibers. According 
to RarLsou hiife is kmw'ti about the function of this region. 

The pallium hidudcs an outer gray layer, the erfchrii/ cortfX, and an 
inner rnmpirx of white maitrr. In mnrmtiais only a small ponitm of the p,al- 
lium. known as the arcAipn/fitim, is associated with cjlfneitirv impulses 
although in lower vctLcbratjCa virtually the entire telencephalon has this fum - 
liat), hi ihe cat, the ardiipaliinm sliiswi on the surface of the hemispheres 
only as the 'lentnj pyriform lobe with wliit h are comicctctl the f>lfnt:!ory 
trari and otpictory bulb (Fig. lilifl). Tlic olfaBtory irerp« (Cranial I i lead 
from M-nunry endings in the tinsul cavity to the olfactory bulbs. In man the 
arcbipiiUium Is e\en more restricted than irt carnivores, 

Tbc great lum-ollactary portion of the pallium, known as the nfopat- 
Itum, b the main center of the whale central nervous system in mammals, 
in the riTchral TOrtto of the iieopallium arc located the centra of conBcious 
sensatlom and of voluntary motor ttmtrol. White filicis immediately beneath 
the outside gray layer form an tntnimural network of great complexitv. 


The Domimiting Factor ji 

r^nncctin^ diffcrnit rrgiQfis of iht cortksd >vith one ifnoiher atiH with 
other parts of the brain forming a unifying and mtcgraiing sv'Btem of 
itaptemr importance. 
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Fig. 63 a, Vcntra[ view cif the bruin of n CM. The kypiphi^it Ims been 
rrmo^TCii* (Frnni Snylcit Atanusl far Ccmp^raltttft eeipyrkht 

193a, by pcntittSTEJH oi The Mncmilloii Cempsuy, publiilieri.) 


The im> hemispbem become secondarily joined by tnirn* 

Verse bands of nieduilatcd fiber?:. The {iJtteriaf {iommhsuTe^ developing in 
the lamina Lerminalis, coiiiicel:^ thr olfactory^ or archipalUal, fegifins. The 
cor/juj eefiEnjum. a broad baud which spreads oiiE exterydvdy in the hemi' 
^her«, estahtiahes daborate coziuectioas brtw^cen their ncopallia! portions. 
Both of these parts may be seen in sagittaj sections of the hrain (Figs. 634 
and 637), Two otbrr portioriB of the reltntephalon which shaw dearly in 
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5uth Aet:tioQs are the foml\ and the septum pelliieidum. Tlir famix k a 
eurved Lmigitudmal hand td nhitc fibei^s ol olfaelory fmscuoii. ^fhe leptum 
p^llucidumt hrtAVcai the fornix and ihc carpus cxdlcjsum^ is a thin median 
wa!! iicparaiin^ tlie latcml ventricles. Brtwetn the two byeis of tht srpmtn 
is a cavity v^iiich iias been called the ventricle," a term which k unfor¬ 
tunate in view of ihr fact that It is not derived fn?m ihr cavity of Lhe embry¬ 
onic medullary tube and hence Is In no wn,}' comparable to die true ventri- 
cles of the brain. 
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639^ tailml view of ihe kfl rerchrat Iicinissphtfi; of man- f After Toidtj 


In many tniiininiiK particularly the lar^^er uneSj the crntiral surfare of 
ilie cerebral hcuusphert^ h increa^d by the formation of folds or convolu- 
lions^ not found in mmiotrcmcft, rmnnipials^ injsectivnrra, bats, and nio^ 
mdentii. The miniature mountain chaia*! thus formed arc called gyri^ and 
die ^-alleys between them. jWrf (Fig, while panitidarly deepsuki arc 

ijfsignated afi /tMtim, Marximala wiib convtiluicd brains havr the gyn and 
suld atreaily marked cut at binh. Quite contrary to prevalent opinion * their 
elabomdon is not so much an index of intclli^ncc as are the subconicLit 
vrlilte Oilers brnr;itli, width make possible the inniimrrable cotiditioned 
reflexes that transform ihi' reirhnim into an cfTerdve organ of inicgnitinn. 
""^"rhe attempt lo make a deal of dm feature yields but little Lutnfort," 
ait Stiles ifiavs^ '^sinec the sheep atnl cow have deeply furrowed eortica] snr- 
faeeSt while some afjcs, with much niorr intelligeiicej have nearly smooth 
brains-^ 

NcvrrtheJess the fissure,* do serve as bcnind.'irv lines for etiiain regiorw 
into whidt the crrchnim may be parceled out topographically for con¬ 
venience in localiiatimi and discription. Such, for example, arc the fronial. 

occipital^ and tt^mpond rnTTc,spnnding mughly to the cranial 
bonrs that cmTT them. 'Ilir frrmlal and parietal lobes are tnatked caff fmtn 
one another by the etntffit mlirui {Fiisure af liolando ) while these two lobc^F 
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aiT jfcrparated from the temporal by the large iateral cerebral fissure [Fissure 
0/ Sytifim). 

6. CerebTii] Localizadoit 

A century ago two anaiarnbiU^ Goll and Spurdiidnij attempted to aso- 
datc certain human ‘^facultice” with ddmite areii in the cortex. What 
Ercgan 6n their px^rl as a legitimate scientific inquiry and experimtutf. soon 
drvdoped [tiMi the quagmire of phifnitiogy. ThiJ^ piurudt^-S<JcJitr gauied 
great teiiip 4 >rury vo^ue in the hands of ciciiicr charbitiins wlui knew veiy' 
little about the braim Trading upon the ignorance of the general populace, 
wandering "'Professun; cf Phrenology,” by skillful guesswork and owli^b digi- 
tation of "bumps” on the cranium, covered up their lack of real knowledge 
of cerebral IncaUzitLiou and were usuaily ahk lo satisfy tlieir ciedulous 
[latrous in thr great hidden capH'udtics of any pankular brain. Tluis “miitr 
inglorious Miltons** and imrccogniTcd rural Napolconfi were discovrred 
pvfrrj wliere at lilty cents a hradl Today die discredited piurnologlsL ptop- 
rrh' belongs with die witch docior^ palm reader, clairvoyani, rurtuiic teller, 
aud astrologer, although li must be admitted that many of his blood rela¬ 
th rs, whtj would seek a short cut tu the tmUi that may be gained only by 
iilow and patient travel over a lung road^ arc still abroad anti active in many 
guises. 

"llien: b, however, a discoverable locaUzaiion of different funcLiona] 
ccnter> in the cortex. dTiis fact ha? been abinulantly demomitrated liryuisd 
all doubt, both clinically and experimentally, as well as p 3 ih<dofieaUy, by 
tlie cxaimnation of brain Woim and dcfccUi in autopsies following various 
types of local paralym. 

One of the earliest proofs of the cortical localbation of a specific moior 
ernter furnished during the Franco-Pnmian War in 1S70^ when tw^o 
Surgeons* Friisch and Mitzig, operating upon a wtsunded soldier, acciden¬ 
tally demonstrated a definitely located muscutar response when a certain 
area of the exposed cerebrum w^as subjected tn slight galv^anic sdmiilatifm. 

The knowledge of brain localizarion tliat has been pieced together In the 
hht half ccntiiTy is of the greatest importauce By obsenrng the part of the 
body that k suiTcring from pamly^itfi the surgeon is nhlr to knmv without 
prtoperative explore lion exactly the spot in the cortcis where a blood clot, 
tiinirir, or Irr^lEm is slhtated. 

‘Fhe location of some of the cortical cenirr:? h jihown in Fig. 640. !t will 
be noted that the crnif:rs there shcavn do not represent mental or psycht^ 
lipgir-ol rhamcteristioii.^ but instead crritcRi of conrlaiion, association, or pro- 
jertion, in diirrt relation to external .^se organs and clTeemrs «d varioui 
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kinds, E\x:fi ^ process as obscure am (hinking is not dlfierou tri kind from 
olber funetkm^ i>( die brain ..mJ ipoy he rcfcrnrcl in the List Litmly^is to ihc 
operation of reflex arcs \*1tli comtipondijiff reiationsblps heiwctn 
neujotis. 

Although ‘'specific mental acts or racultie? are not resident in paitkular 
cortical areals” according to Herritk^ yet physiological eenim. definitely 
assigned to particular tas^b^ aimilar to tlic lerrangement uf biolditi^ in 
accordance with, goning Uwa. Iiavc been ompped for the entire surface of 
the cerelmrm. 



Cenlvr 
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Kff, <H0. Orrtiral coiticftl ams. a, on lateral ajpert; n. on mrdnl 
MficrT. (Frum R^iucm and Ckirt, Tkr Anal-amy of th* Nttnaut S\iltw., 
oipyriglii 19+7, by pcntdsdktti itf W, B. Saimdm t^|iiuiy„ inihUthci^) 


The phmnmciia inchiacd under thr grneral term of upliftna, which may 
be manifaird in Viirioiii guU«3 sudi as ihr Icis of the power of speech 
(aphrmiar, the loss of abiiity to understand apokm wards (anditory 
ophfiiia ); the Jos of ahiJity to read printed or written langtiage that was 
formerly uiidetstaitdahlc {aU,jia) : or the loss of ability to write {agraphia}, 
ore all found to tic associated with lesions or defeds in dehutte rr^iona of the 
cerebral cortex. There c\Tn seem to be different center for different lan- 
guagra, since a bi-litigualUt may lose by brain lesion die ability to speak one 
of two tangiiaitcs in which he was fonnedy proBcient. 

rfatrihuted along the anterior edge of the central sukus* on the side of 
the brain opposite to the region of the body involved is the molar coHfX In 
which arc the principal motor ceoters for specific regiotial miisctci. The parts 
of the body an* teptescirted in inserted order, the area for the toes being 
the most doisat, while those for die face are the most ventral (Fig- 641), 
The left frontal lobe of the cerebrum is the location of the spetuk ctnier 
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I in righi-hiindtd ptrsons); thu occipital lobe, of die viival ; and the 

temporal lobe, of the auditory t en hr. AH of these lolics arc cnbirged in am- 
Ttedion Vp'iih the power of speech with which sight and hearing are uiti- 
tnalcly associated in the case of man. Immediately fKisterior to the central 
Bidcia in the parietal loiie, is the satnaieiibftic aTn/i. die 

center for sensation of toudi, pressure, pain, and teinperaturc a.^ wdi iis 
propriuccptii'c sensibility from the muscles, tendons, and jointa 1 Fig. ti4l)), 
Ai in the caw ol the mnletr cortex the parts of the opptsilc side of the body 
arc represented in in^ierted order with the result diat the motor anti sensory 
pftafi for any individual part are at the same level on either side of the cm* 
tnal sulcus. 
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Fig. &4U MoTitt IftrjlijEiititin In ttif otrdaral ccun^JX [Froni Ransern and 
Clirfcp Thf Ani$lvn\y a/ Ntnotii Syi£*m, copyright 1917, by per- 
niUis'm td li. Sjunders Cunipiunyp 


The braid noi only mirives impfesflkjjifi through the sens? organs but it 
also records thtrid by mtaiss of Uir mcchaniJitu furnished bj' the coftcA for 
sioridg imprfsirion& ihjtt may he lattr re^Tved by memory. A$ has been aptly 
imdi we wair in the morning ihe ahcct of gray cortes tm the brain 

becomes die screen on which lit up the cinema of the ctulsidc w^orid 
■ Krjih). it has tieen cstiinated that the cortical fibers of a single human 
brain ff placed end to end would resteb a liintiincc equal to lhat from New 
Vork iQ Paris, a fanciful and incptnprchcnsible guess that pmbahiy falls 
short of the iTUth. 

The hillionn nf cells composing the gray ronex of a ^Stigle humEid hraiii 
all together represent a mass of less than a cubic inch of mutertiil that weigh* 
only about thiftcdi grains^ or appmshnatrly one five-ihou&andLh t>f tlie total 
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body weight. The vaLiie of this precious eubk inth ul tissue sujnntexl up hy 
Parktir * ill the follow™g words: 

“When it h recalled that die 92,200,000.000 celk in the h uman cerebtral wr* 
lex art the nenrous elemenli of this m^aji and that ihey i^tillectivi^ly const litute 
rather limn a cid?tc mch of protoplasm, il ^rim almoiit ineredibJr dial iliey 
ihould ^frr\^c m as thry tlo, lliey are die materials v^hewe activitusf represent 
all btimaii mental itato^ semaiionsj, tnemorie'is vidilkmE^ emoTiuns, affretiDns, 
die bishevt Hi^hts of pocJr>\ the mnsi profound th<i|jghti of phiici*ioph\\ the 
most far-riiachjng theories of jscicJicc. and* when theit ai:tJort gotM aatrayt the 
ravingi of iiijianity. It is this immll amount of pmiopLasm in eacli of u?> that ottr 
wtmle ediicationd syitetn h roncernrd whh Lraining and th^t icrves m thraugh 
i lifetime in tJic growth of {Mutomlily ” 

7- Qrajiiospuial Nervous Pailiwayi 

Of the didemu bmtdlrs of fillers comirctiTig braiti and spmal rord, four 
ifncjps were rucutinned in the discussion of the cord, ^I hrcr of lliese were the 
Jfjna! (olvimns [fasciculi f^dlb and cuncatus), thr apmotllalamii; imcts, 
and tLi- ipiuntcrelidlar tracla, all nf h hkh arn made up of astendinff fibens; 
thi" fcitiitli thr desc.etiding' cortlrmipinal gmup. We arc now in a. poiiittoii 
t(t coivridcr some of ilie crainal portions of these pathwavs, 

(a I Fasejmlt giacilts anti eunealus.—As memioned during the dJiicii*' 
^nn of the spitial cord, sensory urutons with their cell bodies in the donial 
giiiKjIb send their iiciititcE Into the donal fiinieuliis. Many of these neurites 
rtmtinue fu^ard as the faicktUus granfij, in the case of 5ensor>' neurons 
frntn posterior parts of the body, or ihr faid^alus nunrtUiii, for aniedor item-* 
soiy neurons. These bundles extend into the medulla a* the funuuU ^atilis 
and tuneaim. respectively. Here the neurlta terminate, wnapsinff with the 
ahnrt ,-'nidrites of relaying neurons, or sensory neurons of the ufonti order, 
which carry the impulses to more anterior parts of the brain (Fig. 642«. 

neurons of the secoiul order foe the fasciculus gracilis have tlicir cell 
bodies in the nueleai grodlis which lies near the region where the roof plate 
B broadening to form the tliin velum [Fjg. 633). The nucleus nmediMx, 
for the relaying neuiom of the euneaic tract, is j,i«t lateral to die pradle 
iiurlrtw. Mcjst of the neurites of these rdavhig neurons swing in an arc vi^ 
trally t.i decussate f cross to the mher side of ihc mrdtilb '. beneath tlie cen^ 
tral caiml and pcsterior pan of the fourth vrmtriclc, thus fonnlng what is 
btnwn as the sensory decunarion. .4s soon as they cross Ujc niid-line thev 

turn dtarply to nm anteriorly, as the wtrd«n femmicm width lies near the 
roicbluie. 

• ^r'Dtsttirq ttf Mm, p, !?■!, Vjile Vnirtnitr IbTic 
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ThafciTtitJi 
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Li the t Kiilam iis the jjbers of the sei:o[id order terminate and 
widi sensory neurons o[ ike third order which have their ceil bodies in one 
ol the tlnilamk nueJd^ The neuritc^ oT dic^ ibird nrnmm gn to the somatc^- 
iheik orra of the cerebml cortex. 

These tracts form pathway's for sensaliojis of tonch and pressure er well 
for proprioceptive Impulses fnim the iiiu^*icles^ JointSt and teiitlom. 
Spmothakimic Tracts,—- 
In the case of “ -- .i- i *_ 

tracts the sruHny 
rons I j jiynapse wkh neurons II 
Within die doml gray matter uf 
ilir coni. Tilt r^tu riles of these 
neurons of the second order cross, 
through the ventral comtnisiure^ 
into the spinothalanuc tracts of the 
other side of the cord (Fig* 643) * 

TTic fibers of each of thtsc tracts 
reach the ikdtamuSf whcti: they 
synapse with the neurons of the 
hicb haw their cell 
of the thdamic nu- 
fieL From this nucleus, the nnrrites 
cxleiid to the mmniesthetic area 
of the cerebral cortex, 

(t will be recalled I hat physio¬ 
logically the two tracts nf tJib 
gmiip not the same. The ven- 
tffil spinotkalarnk tract, is a path* 

^ay for ^Huisationa of touch and 
presTOtic, the lotrrai spjnolhalamic 
for pain and temperature. Also 
the ncufilcs of the primary sensory 
neurons associated with each of 
ihesc tracts lake somewhat dif¬ 
ferent couf3«. The ncuritrs carrying touch and pressure impulses run in 
ihe dorsal columns before sending coUatcrak mio rliedor^l gray horn. J'he 
neurites carrying pain and tenipeiatiur impulses go directly tntp ihc gray 
mat(cr at the letid of entrance into the cord^ 

le) Spinncercbellar Traeus-^—^Thc spinoeercbehauT tracts are unponant 
propri[:K’cpti^'C pathways to the cerebellum^ the chief center of rorrelatian of 
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Fig* 543L SeiBiiEy pithwH^ thftmgh ^hr 
duraai eulrniuii^ 


Rrolpgj' of th^ Vertcbratea 

these* inipulsK as well as of coordimititin of muscular activity. Iti both of 
these tracts the primary sensory neumtis are similar to tho^e described for 
the fasciculi gr^cjihi and ciincaiiis. Collaterals^ leaving th^ neiuDns along 

Llirir courar, enter the dorsal gray 
maLler to synapse with the fieiimrtsi 
of the Ke[:r>nc! order* 

The cdl bodies of the di>rfdl 
Spini^fmbutiar arc located m 
the nudeta dorsalis (darkens col* 
imm ] from which oerurites nm into 
the dorsal tmci of the same side of 
the cord ( Fig. GTfi]. Ttjcsc fibers 
run forward through the medulla 
and enler the ccrebelluni by way of 
the r^itiform body (Fig, 64-4), 

The itnitral spinotertb^llitf 
traels ate compcjuved of ncu rites 
whose cell borlic? are in tlte dorstil 
harm and adjaf rrtt portinus of the 
gniy matter, St^Fme fibers enrer the 
nearby tract of the same side of the 
Ford; lathers cross over,, thmugh the 
uonirat tortirniisuTry to run forward 
through the ventral tract of the opposite side, liath ventral spinocendwEar 
tract passes through llic medulla and derpT part of the JtFOPtJ tn rnlef the 
anterior cerrbeUar ffe^Iundr, Oumigli which it brings back into the anterior 
part of the ccTcbchum b*15h 

[d j C^uriiro&piua] Tracts.—Nnmeroujt motor pathways eventually Jeave 
the spinal cord ihrxjugh the pfimary motor neurrm or “fuid rommon path/’ 
as mentjoned previously. Many groLip of fibers exert involuntary control 
over the nmjtr.les, while several which dcicend from tlir eerebial rortes idacc 
llie skeletal iiiiLvcIcs uiider volniiLaty tout ml. The moat imponant voluniary 
trivets cntcTing the apinaj cord are the corticospittab w'hich originate in giant 
pyramidal celb of the motor cortex, immediately anlci-ior to the central 
Auh’tLl. 

The ncurites of these pyramidal crlk pasa successively thitmgh the white 
matter of the cerebral hemisphere, the crwr^i fertbn and the deeper part of 
the pons lo cntrjr the ;^>T^fmV/r of the medulla oblon^ta (Fig, 646] * In the 
pyramidaf decussation, at the posicrior end of the ntedtilla, misfit of these 
filxTS cross over ki Itrcorar tic lateral pyramid at, or tat f ml c&riic&^pinolt 
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Fi^- 64X Tllff tliftt i’crrlwlbf pcdunclci. (After llcni^i.] 
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trail AvJiich cootinucs the entire kn^h of the cord (Fig. 61 ^)- At every s^ig- 
nicnt sffliTie of llirsc hbenf enter the ventral hom of the gray matter in 
yytiapse with primary' motor neurotis. In majit about cne-fomth of the fibers 
do not decuple but continue posteriorly as the t.^tiirai pyramid at ifacl^ 
which ordinarily docs not extend below the mid'thotacic region. W'hcn these 
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tlf.r 645 . The cCRlkospinjtl [Ttiuioi ) pjithwayi. 


dimri filicrt leave «lic tract, a frw at a time, thw cross tn the oti-.cr adr of 
tlic ford and enter die vcriral gray hijn} where they synapse with the pri¬ 
mary motor neurons. Thui while in one cive the fibers emss in the mednUa, 
in the other they cross near their termination jij the coni; but all of tiiem 
cross, ConwMiticmly aJJ of the skeletal muscles of one side of the body art 
mnJcr the voltmtary coninjl of the motor toncx of the opposite side of the 
brain. 





’J7r^ Dominating Fiictor 
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a, ITtc Cc»tn|taraiive Anatomy «f tlir Brain 

The Gsseniial features d the comparative aaatnmy of the vertebrate 
bniin may be passed in review by an examination of diagranu of Uic brain 
of vajirniH vertebrate types (I'Tgs. b47—652) whicli may be compared aiso 
with tile diagram of a vTitcbrate brain based principally upon dial of a 
cyifostome (Fig. 630), 

OpticLdb* 

^ ^ ^—Trfcfl&mintalLobo 

Corpus wnotTJm^-;^-x^'^V- - ^- r w 

V*Fum Tjxmiv«nani 


^ SaccLis Vaiculd4iji 
"Hypophjfwi 

Fig. 647- Sagittal leetion dlitgnm the Kram of the ofeark oy, 
l\trprdt>. lAfirr Edituf^^r ) 


(it) Cyclo&toiTte$.—^IThe braiii of the lamprey cel, PeiTomyzan, is wlih- 
out marked tiocurcs and quite prbiiitive in plan. Connected with the rela¬ 
tively large medulla arc six paira nf iTaninI nerves (V-X^ indusivc), there 
being only len puir^ in these animab, as m fcdics and amphibians. The roof 
of die four IA o^nimie has an exLeniiv'e vostidar networfe 

The mctencepiialnri of Pfiromyion uidudcs a rndimeiitaxy lip-Htc cefr~ 
he!tum but no pons^ while both are lacking in The roof of the 

mrsenccpbalon has but one pair of $wcllmg3, the optic hbes^ As the wall of 
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Flg^ 646. SagjLt^iI secrioil dias^aiD ul die brain of a tdeott [AllCf 
EdiTigcr,) 
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tliis region remains! rdati\'ely Eh in ihcir arr lurgc optic ventmUs whidi are 
not sepurated fTom the aquedwtrL 

The infundibular regim arsd the tholamus proper arc small, The epi- 
thalamiif iiicludci a pair ul kdlwnulut gunglm eamiccLcd by a commissure 
in ali vertebrates.. There arc two diilgnjwtlis ham the habenuLir region; 
a wdJ developed epiphysis {pineal ^rgan ]^ anterior ia which b a amaller 
parieiul body. Tliefw two nrgati^ arUing frfim a coinmon origin, were prob¬ 
ably originally paired, since the pineal body b in intimalc nJation with the 
jtglit habenular ganglion, and the parietal body widi die tefl. 



Epiplnysfc 


Vslum Ifitifp^ifum 
erf Sfti Veniritls^ 

Corptn StriotinTTvy 


Hypciphyiii 


>V4futn lirt*Fpo*lrum 
qF JlhV^ntrida 


Oplklucrfw 

pCerflbaEkum 






FfR* 649* K;i^itul ^ertwin diagmni of th^ hrjiin an imphlhjnn. 
(Alter Edkiger.) 


Tlic presence in certain (osgil jFishes, for e?caniple Tiiankhihys, of a pair 
<if foramina located tide by side in \he jikull direitly above tlib region in the 
brain, abo jiecim to point tn the originally paired rebtion of these organa* 
Apparently the Tandem-like position of the pineal and parietal bodies In 
eyelofitomet b the result of a accniidary displaeeuicni of the former side-hy- 
ride arrangemenf. 

The hbcolnricoi ^truttiire of die epipk^ris, or pineid fjody, as well as its 
uirccsi 10 light Ehnnigh a fonimrn in the dorsal region of die skull, scema to 
indicate diat it ia, in eyeWLomes at least, a phoiorcccptive organ by means 
of which light and darkness arc dbdnguffihcd. 
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'llie rather small leJcnccphakni. rttfactory in function, inclutlea paired 
halbtt ptfartary hb^i. and weakly dlfTcrctiiiated corpora rtrfat^i. 
An otttffrio/r cammwtre, found m all vmcliTalcs, cumwets the two sides of 
die brain in die re^on of the iamina lrrppn/f«/iJ- 
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fi52- Sa^gittaJ aeciion dia^^riiiii oi the brain nf a nrtaititftal, (pAJtcr 
Edingcr,) 


(6) Elasmobfanehs.—In clasmobranchs tl»c bulging corpora striata, 
which c\xn grow into thr bntiii:i terminalis and die dominant actorf 
lobes comtitiilc the hulk of dtc telcncqihahjn (Figii. 647 and 653). From 
each oWactory Inhe there calends forward a conipicuous olfactory slalL tci- 
minatjng in an olfactory buth which may be quite large. The velum inter^ 
poiitum, die thin roof of the third ventricle, develops an invaginated trans- 
VCTSC fold, cr velum itansvermm, wliich marks the posterior limit of thr 
dorsal part of thr telencephalon. 
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Fig, fe53. Dorsal view of ihc brain dI m damobnuidtg Squidtti^ 


In the dicnccphalon the tpiphysis a stalked, reaching as far n* the car- 
tilfl^ous roof of the eraiuum in many cases. The parietal organ disappears 
after tirmpfiTary appeamticc tluring embryonic des’dopment. TTie infundib^ 
tifum develops a pair of clonRate sw'dlmgs. tbr tnfert&r Ittbti, between which 
tlic hypopbyris Ls attached. Posterior to the Inferior Jntra and doreal to the 
ticiJtivhypiiph^aU proper, is a tiiii]«waMed rorcufur sac, or saccus vasctilasas, 
lined Mth a sensory epithelium of problematical significance. This sac is not 
found in tyritartonies or tetrapods. 

The well devTlnped optit laltes may l>c partially co\ered bv a large 
trrebethim. As would Iw expected, tlic cerchellimi is miich larger m the 
active dogfishes and sharb than In the (duggish skates and rays. 












rite Dojuimtuig fWior ~2j 

li\ the a^ntcro-latcral part of the medulla, connecting It with Lhe ccfe* 
beUum, are pjortuueitt rfstiform boditi which sumd out like a pair of ears 
on cither side uf the ctrebeJIum. In clasmobraujErh^ as m cmtiryonii: stages 
of higher venebniceSj the differentiation of the medulla into four longi^ 
tudinal areaa is dearly visible. 'Iljcsie four columns represent the four 
nervous componentB described for the ronL On cither side of the thin 
ependymal vdum whldi forms die roof of the fourth ventride are the 
mmriiiV sensory columns ventral to which are the oisceral sensory eolumfis^ 
ditti the viscerid motor columns^ and ftnaliy the somritsc motor 
which lie on either side ol the median plane in the floor of the veniridc 
I Fig, 654), 
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Fijg. 654. DLigrnnunatic emn ncelion diniugh ihe mcrliilb of nn cUi- 
inuhrAneh to dmw the Jotir jit*** and flic parti tlicj j^upply, (Afrer 
Johnftou.] 


The det:trie Torpedo has two eleciric lohci (Fig. I>47) tlicit project into 
the fourth ventride. These structures arc hypertrophied nudei of the s-agus 
(X ) ncr\ e whidi supplies ihc dec trie uf llicsie annuals. 

(c] Other Fishes.—in bony fish^ ihe brains are srtiJiTl and.show great 
variatjQiii The roof of ihe telencephalon is thin and nnn-nennfius {Fig. 
64fl). Convex corpom ^riata occupy the flixjr of this r^on* The shortened 
epiphysis Is on the downward road of dcgencraiion. Ttie optic are 
large, especially m (deoats, Tlie cerchdlunij mail in dipnoam and ganoids, 
is large in most telec^, cspedally the moat active: onts* 

(d) Amphibians*— In amphibians (Fig. 649)^ the large demgated 
olfactory lobes^ which are cojitmuous wilh the dtsdnedy separated embr^d 

He closely side by side and arc joined medially toother. 

The corpora strioia projeirt upward from the tdmcephalic flour only 
slightly, ailnw'ing for fairly large hteml Ptntfidrs and invaginated anterior 
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thomid Jiisidc the ccrctrral lobes. Vtw latier are withoirt au cKtemai 

layer of matter, although scattered iieijrans begin to appear in the 
thkkeniifcg palhal wall. 

The: djcnccphalon is nnerowded, and vkihle fram above, without inferior 
lobes or saccuii vasculosus* In adult anurans the epifihysii^ b represented by 
a small median vesidcp ibr pmeaJ glaiid^ close under the dorsal wall of the 
cranium^ which by its developmeni h 5ho^v^ to be the bulbous rip nf the 
vanished stalk <d the epiphysis, i:ikulk of stegocephals have a dni^l foramen, 
w^hirh show?! the presence in those primitive amphibians of either a pineal or 
a parietal eye in tlm region- The parietal body is absent in modem 
amphibians. 

The optic lobe* havT [seen so spread apart a$ to occupy' a more laJcral 
position* and the cerebellum* rediici-d to a (mnsverse Up in nuost format k 
<juitc rudhuentary in the caeciliatis as well a-H in some urodcles. 

■'tf ' RrptiU-i!-—I’hc reptilian brain (Fig. (>50'i shows an advance in the 
tdcncephalir rcf^ioti, sitiec a gray cortex, although not pronrmnceil^ is defi¬ 
nite] y l^id down, and the commissure ficiwecn the cembml lobes are some- 
wluit more developed than in the amphibian hrain. 

^rhr corpnrn striata are so large that only small lateral vttitricles imtain. 
In most reptiles the olfattory kibcs arc hardly disungukhxablc from the neo- 
pallia] pan of the tdmccplmlon^ biit Ui di^jsc lizards and aUigatun! with 
prominent projecting snouts the olfactory^ lobes are extended into stalks and 
linllw, ns In elasmobranchs. 

*nic diencephalic region nf ihr brain of reptiles h of particular mierefrt, 
T\itr thnlami are large, while the hypophysis attached to The infimdiHnliim 
firfiriltelv dllfeieiuiaitd buo an anterior and a posterior part^ the lormer 
ejivieluping thr latter* On (he thin dorsal vrall of the third ventride there 
are, at least nnl>r>on|cally, not only pineal and parictsl oiitgrDwih&, hut 
a (bird cvagiiiation, the pamphysn fKig. -MB)* which Is so far anterior in 
priaiticiti that it aittimUy brlnni;^ to the {rlrncqihalon- The pataphyri* usually 
imdergncs degeneration in adult Ufe and its (imctinn is stiU unknown. 

Except in crocodiles and alligators, the epiphy^ h alw^avs present as a 
srlandubr pineal strut lure. The parietal organ is ibifj always present ii\ df»c 
jiss^jciaricin with the same habenular ernter? as rho&e of the pineal body, 
Heachinglca highest ilcvclopnicnt in Sphrm^dan^ in which it extends as far as 
a tnmsp^^nl window on the roof of the skull* ji is imraistakably a third 
median eye, equipped wilfi a retina and a lens* 

In faiakes lilstlnrl corpora quadriecmlnsa occur Sn die dorsal part of the 
itinimccphalon. It iiw l>em sliowrt. hnw^ver, that other ixptiles and pfs^ibly 
amphibians have small auditory tentern, corresponding to posierior colliculi. 


'i‘!ie Doinmaiin^ Factor "-'J 

Tfatst auditor^' ccnicra do not show as a pair ol elai*atioiis tin til the optic 
ccntcra become reduced to anterior colliculi ocrupymg only tlie aritcrior 
part of the TxKif of the mescnccphaJore The thickening of the mewntephalk 
wall reduces the cavity of this region to a slender canalt the aqueduct. 

The cerebellum «f reptiles U usually small, allhough fairly developed 
in swimming lonns. Eight pairs of cranial nerves (V-XJI indusive) connect 
with the mediilb as in birds and tnairaliala, whereas only six pairs ^V-X 

biiilusive l occur here in anamniotes. 

Binhi.—'The brain of hiids [Fig- 651) is more of an “eye hrnin” 
than a “nose brain,” ilius showing an advance over its forcruimcis. The 
cerebral cortex, however, it less well developed than in reptile, with the 
corpora striata more m evidence, Tlie lateral ventricles, due to the increased 
thit kncJS of the corpora striata, are reduced to very rcEtricted spaces. 

The olfactory lobes were fairly prominent in tlie tooth-bearing cretaceous 
birds, but are <^=*11 and degenerate in their modem represeniatkvs. No trace 
of a parietal organ appears in birds, ami since the degenerate pmc,d body 
is buried between the encroaching cerebram .ind cerebellum, the entire brain 
gives Ihr inipressioii of compact crowding and centralization, cbafactcristU 
of the bird’s structure generally. This is due not only to the fact that the 
greatly enlarged optic lobes are crowded over laterally in position, but 
abo to .veonslilerabk backward growth of die cerebrum which tends to bury 
the diencephalon and the mesencephalon from dorsal view, 

Tlie cerebellum, consisting of a wcll-dcfnied tnedian t-erwitf as well as 
two lateral tabes, is very Urge, as might be expected in these extremely 
active animals, 

(^) Mamntais.—^Tertiary mamm.ils, as methods of exploring the 
rranial cavity of fosnil skulb ri^xal, had a reptilian type of brain. In modem 
mammals also, the brain (Fig, 652) IS more like that of reptiles than that 
of birils^ sinre the outstanding size of the cerebrum b due to the d^xlnp- 
nicnt of the cortex rather than to an enlargement of the corpora striata, as 
is die case biftis. 

The commissural sytrtcms between the cerebral, lobes are better dmidoped 
than in other vertebrates, partinihirly by the cbboratiim of die l^gc corpus 
callroum, allhongli this is small in the mnnotremes and mafsiipials. 

While stiU proininem in the rntuiotixmcs, mareupials, and other lower 
tn.^imals, the archipallial olfactory part of the brain bcomea reduced 
among die higher mammab. until in man it is very small, and in scab and 

wbiilo almwt tritirrly larking. 

In ihr dicjirephalon ihc thaJatn* arc TTic cpipliy?!^ now 
with endorrine artivity and having lost its eyclike stnnture, is minced to 


Bio/ogv* of the Vertc^brittes 


an or^tui tkgmtmtr in ^isrc, although indl'^pcn^blr in function. It is usually 
covcrrd ovrr by the hemisphere and is rclativelv large in iingulate^ and 
fixletitA but misang in aEmadillci^ and other cdeiitatca. 

The iws> pphe lobes of lower forms become ehimged in mainnia.b imo 
four corpora quadrigemEtia^ iwhlck are relatively smaller than is this region 

of the niesencephaJofi in other ver- 
lebrntCn The corpora quadrigcmina arc 
quite covered by the overgrowth of the 
massi\e ccrehmni and the ccrcbelJum 
which have so enlarged that they meet 
dorsaJIy. 

In addition to enlarged vemis and 
lateral lobes^ of consideTahle 

size air present (Fig. 655). Thiw the 
corrtlaiion thwue of tlie cereljcllum is 
notably increascfL 

A further chararicrktic of the mam- 
maiian brain ifi a definite band of fibers 
encircling the hralii stem, known as the 
fmyni, in the metellI^cph^l]JC region. Tlic 
nicilulta of mammals is comparatively short* and appears to be drawn under 
the piT^mincnt cerebellum* 





tfitV 


EvTilatfnn of the etrebellum. 
K <n>coiJilr; htrdj c, iTi^fiiEii 4 l. 
trrior lobe, vcftir'al linca: jncdLifl lubt, 
dots: pij^ierior lobe, horuontiil Imn, 
.After PaiEKEa aad 


9* The Contrnf of the b<Hly by the Brain 

Animal actixities haxini? their physical basis Jii the brain are of three 
general taicisofiiis, namely, {1 innaJf ttettoiypt^tl /uHciiWr, which arr 
inherited, anti sun orduianly blantietnl (ogether under the term instinct \ 

, 2 ) iiahils, which arc not inherited bui art pattema of ennduct acquired by 
repetition until they htrome more or less aulomallt:; anti (3) tfariitiilt mof/i- 
fistMe artioas, which are marks of iiitcHigcnee that are perfericd by the 
pmena of learning. 

Innate stereotyped funeduns, h may be said. dt> not lend themselves to 
individual rniproventenl. It is futile, for example, to try to teach a ^rass* 
hopper cither to jiimp or to dance, [t jumps alrradv, haxmig been bom 
Ml liistlncttve jumper, and it can never kam to danre, since tiie “variable, 
modifiable” capacity is praetlrally wanting in its make-vip. 

ith an imlease of cerebral function the instinctive automatic refl ex es 
take mure and more to the bsickground, and therein is llic i^rcat dlEtinction 
between “lower animals” that are largely at the mercy of ihdr environment 
and heredity, and the “htjfher animals,” which to an Increa^ig degrre 
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hiive liscn above environing i.'QUilitioiis and iheir hereditary’ handicaps, and 
have bcroiue more and tn«rc ‘‘captains of their 50uU.“ One uf the ntost 
prized p«jsscssions of mankuid is the “capacity for individuality,” yet even 
what pa^cs for “free vvill" has a» basis in the neurons and rcficstcs built up 
in the brain. In the Uvst analyisis die brain rousl be regarded as die mecha¬ 
nism through which constiousness, meniory, imaginatiun, and will arc 
eflected, 

The eonttol which die brain, and particularly the cerebral cortex, exer¬ 
cises over the body is incieasiiiElv greaicr as njie pusses from fehes to main- 
mab. A “spinal frog,” in which die brain has been destroyed but the spinal 
cord left intact, continues to perform many of its funedoris in an appnrcndy 
nurmal fashion. A hen widi its head cut off continues to flop about for some 
time, but not so a maimual that jius been gmJlodiicd. Tn man a compara- 
uvcly alight imcrfcrcnce with even a minute portion of dir eorlra may 
nsttiU in sudden fatal apoplexy. 

.\n important functiem id die brain and the cord, that sbould be men¬ 
tioned is their aciivity as tfihihilott of many of die myriad reflexes railed 
forth contiiiuDijaly by an mshtenl envlremmenr. Without such automatic 
inhibitions man would Iw w'oni out by continuous responses to :i gmaL 
varirty of sttmuU 10 which he is constantly exposed, Relief from intcssaiU 
activity is gained not only by dm Inhibitory action of the nervous system, 
but also by periotis of uneonscitmsnow during sleep. It lias been estimated 
that a peison scveniy yesre of age has lost consciousness over 25jO(X) times 
in sleep. 

X. CRANIAL Nrjl\’ES 

Cranial nerves arc more specialized than spinal nerves, since they have 
tnorr differentiated lEisfifl to perfotm, yet they bear an lumiisiaki'iblr {amdy 
resemblance to their spinal relaiivta. 

Id some respects thr cranial nerves may represent the ancestral type, as 
exhibited by all of the segmental nervts of amphioxus and the lamprey 
eeb. li will be recalled that hi thee lower chordaics the dorsal and v entral 
roots of all nerves reanaiii separate and that the dufsal roots include visceral 
motor Cbets which supply the irtcroai organ?, In all v'mebrates the cranial 
nerve roots also temain separate, some cranial nerv'ts l HI, IV, VT, and In 
ammotes XIII representing the motor venira] rooia, vvhile oihrrs {V, VII, 
IX and X ) are mixed dorsal mot nervea which include not only sensory 
bbcis but also vTsceral motor components. Two other cranial nerves arc also 
doTsaJ-nK)T nerves but are not mined, the auditory inrluding only 
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sensory" fibers while the spinal a^crcssory" (XI j of amniores Is made up solely 
<if ^T^ccnil motor dcmctits. The olfaetary (I) gjid optic (III 
tvJoiig to entirely difTerttii cutegcrics from the others m will lie 2 >is;own when 
they are spceificaJly considered. 

Somr factoTs tha.t ha\T inflitcneed the modifir^tions of the irnitiial nm'es 
arc a-v folJoiA*: (1 / the pmciice of sense organs located in the head; (2) the 
daboraiion tn watered weUiiig veneliraitrs of the splanchnocrarilum; and 
(?i) the degeneration of most of the embryonic myotcimr^ in the head region 
tFig. 583)- 

Aithniigh the dorsal sensory' roots of the spinal iiervcft artae solely from 
dojTiaJ gajigila dial have formed finm iht neural crest of the early emhryar 
some fjf the neurons of certain of the cranial nerves (V, V'll^ IX,^ jind X } 
hsixe ihdr origin in patches of thickened ectoderm* the epibranckiut ptar* 

^io two pairs of craiiLqJ nenTS have the same uniform make-tip- For 
example- in addition to the four g^Firtai functioital typfi^ of neurone char- 
acterisrie of spinal nem-js* namely* afff^rent and vifceral a^^reni 

neurons of the dorsal woi^ and somntic and tfjcfr^tf neurons 

of die ventral rooL, Ltiere arc pn^^icnl three other types* namely, 
fomaiir nffermt and ipfritd micetd affeTfnt neurtjns associated with the 
jarptrimpo^cd cranial sen^ organs of sight, hearing, smell, and taste; and 
spedal ubctral ry/rrcHt neurons in conncdifin with the branchiomcric muii- 
etdature of the primitive gill arrhra and tlirir dcrivatira, 

Xo single pair of cramaj ncnxs possesses all of the» seven rimctifmaJ 
types of demmls, and rardy do two palra haw the Aame composition, as 
will be evideni fftim the inspection of Table XL 

It w-iH be seen that the sensory elements of the CTMiaJ nerves [coltimn 
5 J, as in spinal nerves, are assotlmed with localcd outside ihc bram 

The efferent motor dementSp m the other hand, haw their head* 
quarters in nur/ei within the gray substance of the brain. 

rhe twelve. of cranial neiv'es wcie first identified m man and are 
tiamrd wtdi reference to the parts which they supply, being customarily 
designated by the Ronnui numerals I lo XII, ITie first tw o pairs, or olfactory 
and code, arc in a class by themseUta. The eight cranial nen'cs fmm II I 
lo X iotlujiive hav^e bren talied ^^spinal-cttuiui! nerves,*' because they can 
Ik- interpreted tis mpMiificd spinal ncrv'ca. The XI ih and XTlth cjaitial 
nen^cs. occurring only in amniote veTtebrates, ahtiw mrat of ail the jspinal 
charadrr, although the hypoglossal (XJf) has lost its dorsal sensory root, 
which wail present in the rmbryo+ 

In lower vierlebfates their is a group of fmm one to finr paiis of small 
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General aomaiic afferent Pmprioeeptivc fmm tnusclL^, 
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-j6 Biology of the Vijttebfttites 

tt^fismonai spino^^cipital ncn’rs in the re^on wheie tht medulla pxi^ids 
aver inlo thr spinal ecxrd. Altbfiugh entirely postemniai in cyelostoines, Lhe 
morr aitlcrfor oiit:s become enclosed HMthin the skull in fishes and ampliib- 
tans- These nerveSp which usviaily krk tlnmaj roots and iire therefore purely 
motoTj supply muscles assotialcd with the gill regioEL In amniotes the per¬ 
sistent poTtiom- pf these nerves partkrpate in the formation of thr Xlth and 
XlJlh CTBTiial nerv^es which are added to the ten already pTcsrut ui aoam^ 
nioirji. 'ntc Xlth arises chiefly fmm roots split olT Irom ilie Xtii nerve of 
lower forms bul with tlir addition of sl tew twi^ fmm the moet anterior 
apino'-occipital nerves The hypoglossal f XIl) nerve, which anppiira the 
tongiir, i* the tesnlt of the fusion of sevcj^ of the sptno-ocdpital nerves 
the tciitral coiinertion& of which sliilt forward to the medulla region. 

Since the idcntihcaoon of the twelve classical pairs of cranial nen-cs* 
the somewhat embarrassing discovery of an udiliUoiiul pair has been made 
(Fig- 65^), This extra p^ft the nrrvus was first found in 

the longfishes and is now^ known to be present^ flt least cmbrv'onically^ in 
all oI vertebnites induding ttun. As the nervus terminalis h anterior 

to all the other cranial nerves^ U remains w^ithout a Roman numeral since 
Its logical designation as the first pair would upset the w'ell-cstahlishctt and 
generally accepted succession of the othef twelve pairs. Consequently it h 
numbered 0* 

It will be seen from Table XJ (column 3} that most of the crania! 
nerve* take their apparent origin from the mydenccphalon, or mcdiiUa 
(Fig. 635). The exceptiom are the nervus ttntninaJis ^;0) and the olfaclory 
(1), which connect with the idcnccphalon; the optic [ 11) fit>m the dien- 
cephaloii; the pculnmotor (III ^ from the mescucephaJon; and the Eiwhleiir 
(IV1 fmm the iniennediate region between die mesencephalDn and the 
metcncqiKjdan, 

Furthermore, a^ far aJ function is coneemetf, I, II, and \Tlf are entitely 
sensory’ in rharactcTj lacking motor mots, w hile Xi ami possibly XIL having 
|t^ tbi'Sr sensory componcnis. lire entirely motor* Although formerly con¬ 
sidered lo he purely motor becituse of Lhe ab^nce of tv'pical sensory mots, 
ill, rv, and VI arc now known to lx? mlxeii for they intUidc prcprioceptivT 
fibers. The nervTis tcrminalig f(t ) is of doubtful function. The remaining 
pairs, namely, V, Vll, IX, and X are mixed umT®, ahhough some of tiicm 
have frrntir^ej that arc cither mlirely sensary or entirely motor in rharaetcr* 

\Mth rcfrard to nenrutilc components, the ilktribution is shown in 
IViblc XIL 

A typical mixed cranial nerve^ like the spinal nerves, divides into dorsal 
and vcmral hranrhes* distal to its ganglion. The short dorsal branch in febes. 
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containing onl> afferent nenronSj bringE the EeiiEafiom to the hrain fn^tjn the 
*skin and ihe latcrai-line organst It becomes much reduced in land forms 
and eventdmppears entirdy, 

'fhe v^tral bramJi usually forks into a pretr^maik twig and a posi- 
tremalk twig^ that extend on either dde ol the splanclinocranbl openings* 
such as the mouth^ spiradc^ and gill slits. These twigs of the ventra] branch 
may tTarry either efferent or aflenmt neurntts and in some both* Usually 
til ere is aisti a scnsciry pharyngenl twig to tiie pharyngeal lining. 


TABLK \I1. Cranial Nenx CemponirDU 
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There is cddence that the trigeminal nerve (V) is compounded of two 
original nerves. Tiie facial (VII1 probably represents the dorsal root of a 
nerve of which the abduceiis i VI1 correapcincb to Uie ventral rooL 

The accFUfitic nerve now entirely icnsory and independent, was 

probably a part of the VTltb nerve formerly^ while the vasfus (X'J m no 
doubt a complex of muIUpk origin mneemed with ^'etai hranchiiil arches, 
having the spinal accessory (XJ) split off fmm it as an mdependent 
nerve. 

ThuH the hiimologies of the cranial nme become a complicated prnblcitt, 
railing fur much patient and searching investigation m the pan of com- 
parauve anatofnlstx. 

The following hrkf survey of the separate cruntal nervxs supplements 
(he hiformadun buried m Tabic Xh 

U Terminal Nerve (0) 

Tlie term in al nen^e arises from the cerebral hemiFiphcrc5 in the rcjiion of 
ihr medial olfactory tract nntl extends to the snout region in ckse ai^Eociatian 
with, hut independent of, the olfactory' nervrfl. 

It pcKsesscs one or more ganglia and h of doubtful function, bdng 
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dcsrrihctl aa acttsory hy somt iuvcsti^ton, as parv of ihc autonomic system 
by others. 

2. Olfactory Nm'e (1) 

The olfactory nerve is peculiar in that its £bcn arise from cells of ihe 
olfactory epithelium, 'ITic dendrites of these cells have thickened ending 
wiiich ate exposed on the surface of the epithelium. The iiiimycliDatcd 
ncurites making up the nerve have only a short distance to run to reach thr 
olfactory bulb of the brain, fn eydosiomea, which fiavc only a single nasal 
sac, die olfactory nerves ait paired as usual, indicating that the single 
organ represents a fusion of what was fonneriy two sacs. 

In the skull <if mtiftl vcrtehratci the olfactory nerve pLisscs through a 
single foranien on either tide to reach the brain, hut in many of the higher 
animals it conrists of a bnislilike bLindle of non-nieduIJatcd hbert, fda 
olfactaria. that penetrate the skull separately through the pepperhox’^iike 
pores of the cribriform plate of the ethmoid bone. Thus, in man, instead 
of a single pair of olfactory nerves, il would not be cutirely iiicorrcrt to say 
that there are a I least twenty pairs. 

3. Optic Nerve (II) 

The optic nerve is not a true nervT hut rather a fruef of the brain both 
in deiH'lopmrnl and strueture. tn dcv'rlopmeiu an evag^nation from the 
di encephalon forms the retina] layer of the creball iFig, 706). Then .wmc 
of the retinal cells send their iicurilea hjirk to the brain a.H the optic nerve, 
whldi therefoTT connectii two parts derived from the embryonic central 
nervous s>¥tem, the retina and the dieneephabn. The fibci? which Kp 
tills nervx. like most iibens in nerve tracts, are m>Tlinatcd but without any 
neuroJemma. 

Upon rcaeliing thr central side of the dlentxphalon the fillers deeussiate, 
in the optic ehiasma, before passing into the brain. The crossing of the 
libcis b complete except in the higher numunab in which the fibeis from the 
nasal half of the eyebaJ) cross while tJiose from the temporal half do not. 
In man, dicrefore, the fibers from the left halve* of lire two eyra go bi the 
left ride of the brain, those from the right halves to the right side of the 
brain (Fig. 656 t. ITiis arrangemeni develops in assetiation with improve- 
tneiit ui binmtular vision. After passing through the rltiasma region, the 
fibers conUDue as (he optif trsett each of which, ufter running ov'er tlic outer 
surface of a cerebral peduncle, sends ftbera into three parts of the bfuin, the 
toeraf genicuhitt body, the anUnor umadrn, and tire txgion iust anterior 
to the latter (Fig. 611), 
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In these three pairs csf regions the fibers of the optic tract synapse whb 
neurons which relay the impulses to several dhTeTeni parts of the brain. 
From the lateral genicnlate Ijotfits the relaying: fibers mn chtcRy to areas of 
visual sensation in the occipital cerebral cortci: (Fig. 640). The anterior 
collieali, which receive Cbm from the occipital cortex as well as the optic 
tracts, rday messages to the nuclei of the several cranial nerves w hich con- 
^1 the movementa of the eyeballs and also of the head. Fibers from the area 
just hi front of each anterior coUIcuIub carry impulsca which ct'cntually 
reach the hitrituic imisclo of the eyeball. 



Fig. 636. Opiic chiasmti und tracn of mait 
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The mtricate optic pathways of mammals liave ewlvrd from a rdAti>tiy 
Simple ptan in lower vcitebratcs. In fishes most of the optic-tmet fibm mn 
into tlic optic lobes (Fig. 657). In reptiles optic lobes continue to be highly 
imponant relaying centers in the optic pathways, but eome optic fibers 
terminate in the dienccphalun where they synapse with nenrons leading to 
the cerebral cortex, which is definitely prneiit in these animals. In manunab 
relatfvdy few primar), optic fibers go to the tnclrnccphalon, most of them 
terminating in the lateral gmkniatc bodies of the tficncephalon. 
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Fig- 657* Ewiliitimi of lUt crfitic tractL i* fiihj h, reptUq a, tnmmnial. 

"‘Hic dorsal ji^irl uf tbc liirArntrcphalot]^ which it thr |wiltiUive viauii] 
cealrr, b4;tnititt a ntby ceuter hi luaEainoli. lu the latter jijoup the drh^ 
idtKe visual mitcra arc tn the octipitaj Jobei of the ceiebswi, (After 
AIghaIcow-) 

4, Ey«>\fijficlc Nirrvts [HI, IV^ 

The Rer\'cs of the cycbuB mtiBclcs have much m common, being 
cficrcul tomatit ticrvca atsocmied with the three palm of myotome^ that 
remain in the head region (Fig, 5BS), The oculdmotor (lU) and the 
trochlear ilV) arise ttom the me^mcephaJon, while the abducent (VI] 
cermet from the myelcmicphalan- No cranial nerves take their origin front 
the meienccpbakui- 

Thc mosi importaiit nerve of the eye muscles is the ocuhruoloj^ which 
supplies not only the inferi&f obliqui^ and three of the rerlus muscles, 
namely* mferioft intfrntd, but ahn the tri^uior palpfbmt that 

lifts the upper eyelid;^ as well as the intiiusic iris and fijfiar^ muscles of 
$Kcommociation wlthiu the eyeball ilself. 
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Th< tfockluar supplies the mpetior oifftque mtude. The two trochleais 
decussate in the anicriur meduilary velum. 

The nbducens actuates the laiertjl, or fxtfm<d. rerius muscle, h also 
sends a branch to tlie r^traetor huihit jv musclr derived from the external 
rectus, which pulls back the eyeball as the name implies. 'I'liis tnusde is 
present in all tcirapods except nphidkos and primates. The tirch'hi/fng 
membranr, tjr third eyelid of reptiles, birds, and nome mainnials, is also 
supplied by the alxliircns nerve. 

.Ml tlirce of tliesc nerves arc now bdieved to include proprioceptive 
sensory fibers from the structures which they supply. 

5. Trigcmina] Nerve (V) 

Tire trigfmitt/il nrri'e romes off dmso-bterally frnm the anterior rejpon 
of the medulla in cloac oBsodation with (he Vllth and the VlITth crania] 
nerves, consUtutm^ tot;ethcr a most important group For the supply of the 
head. It has a strong dorsal cuol and a lesKcr vciura] mdt and is one of the 
targes! of the cranial nerves. 11 is the great sensory ntrv'c of the bead carry¬ 
ing nearly all of tlie general somatic sensory fibers from the .surface of the 
liead to the brain. The cell bodies of these fibera arc located in the Cassenan 
gnn^lian of the dorsal root, one of the largest of alt tlie ganglia assodaied 
with cranial ticrvrs. 

The trigeminal nm'c is so called because of its three component 
branches, the vpkiktitmif, maxSlary. and Piandibulaf^ It was probably 
formed hy the jommg of two original dorsal root nerves, the nphlhalmk 
being the remains of one, and ilic maxillary' and mandibular of the ocher. 
.-\t:cording tn this interpretation the corresponding ventral root nerv'ea are 
the oculomotor and the trodilear. 

In ashes the o/-iAfWnttc, which is sensory in all animak, suppllts ihc 
f'dn of the snout and dorsal part of the head. In manima b it is di-stributed 
l(> the nose, orbit, foiviicad, and top iif the head. The tnaxiUttry, which is 
also sensory, gots to the teeth of the upper jaw, the upper lips, and the 
clici:ks. The mandibuiar is mixed, being composed of; (11 siensorv filirni 
f'om the teeth and skin of the lower Jaw and dim the akin of the ride of the 
head; and (2} motor fi}jcn& which innervate the group of 

branchiomcric muscles fscc Chapter XVIII), 

The ttumdibiilar branch also includes proprioceptive senrorv fihens com¬ 
ing from the muscles nl mastication which it supplies. These propriucepth'e 
neurons have their cell bodies in the mesencephalic nucleus of this nerve. In 
this respect they are unique, for the sensory nenmns of all other vertebrarc 
urrves have thdr cell bodies in gangJia, outride of the central nervous system. 
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U will lie rccalleJ, however, that amphioxus has no ganglia, all of the tell 
bodies being within ihc etiiiral nervcnie sj^rteni- 

The maxdtary branch may be regarded as the pretTentatic nerve anterior 
to the mouth, and the maudihular branch, the corresponding poiUrfmaiic 
nerve posterior lo the miuilh. This pre- and pcisttrcmatic arrajigement on 
cither side of a pharyngeal opening, liie mouth, spiracle, or giU alit, is 
repeated in oUicr cranial nerves. 


S, Facial Nerve (Vll) 

The VJlth nerve, or undergoes much modification as the result 

of evulutionarv- ciucrgence Irom water tu land life, owing to the loss pf die 
lateraldinc organs and, in higher ntamnialij, to die dcvdopiiient of the 
mimetic musculatun: of the face. The cell bodies of its sensory fibers arc 
in die jciuf u/fl/e gungtion which in the lower vertebrates b of ten fused with, 
the Gassf riim ganglion of the \'th nerve, 

In folies and umdcles several dorsal branches of tliis nerve serve chiefly 
as. sensory padivs-ays from the btenildine organs. These branches art lacking 
in amirans and higher vcrlehratca. 

The ventral liranch of the \TIth nerve fnrlis into two trunks in fiahea, 
the palaiitif and Ayaniafii/jfiufaT, vshich arc respectively the prctreinatic and 
poettrematk ncTVTS of the spiracular opening. 

In mamm aUi the pretrematic branch is probably represented by the 
efcordo tymftani, a smiill nerve which miLS duough the middle-ear cavity. 
It will Ire recalled that this cavity correspKinds to part of the spiracular 
pa^geway of fishes. 'ITie chorda carries fibers frtim the tasie-imds oti the 
untrritn' two-thirds of the tongue, it has also been joined by autonomic 
fibers associated with the sublingual .md subinitxillary glands. The post- 
treenatk poriinn becomes the group of nerves which supply the hyoid-arch 
group of brajichitaneric muadis, including dw extensive muscles of facial 
cxpTT5S^t>ii in matt* 


7* Accnistif Nerve {Ytll ) 

The or mdiioryt is n ^'try short nerve which dor* 

Dot emerge from the skulL li divides iiim iwo branchra, the and 

p that go respectively la the semidreuiar canals and to the audiion' 
mechanism (cochlea i of rhr mlrrniil tikr. Each bnmtlt a gangfion vi 
tlmilar name. :\s ihc soiuctrctdar canals aid in fnainiaLniDg equilibrium^ 
same of ihe S\i€n of the \'E3trbular tierec mn direclly to the cerebellimi, 
the ruain etjuUihnum center of the bmm. Imput&rs from the cochlea, like 
those from the eye. are distrihuted through ^'artous parut of the braid, After 
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being carried to the restiform body they are relayed to: (J} the auditory 
cotter in the cortex; of the temporal lobe of the ccrefamm; f 2) the posterioi- 
coUleuliJS, a centtr for rcncxes initiated by wund; and ^3} other centers 
in the brain including those of the several motor nerves. 

8. Clossopharyngeal Nerve (IX) 

The ghaophar/agtal nerte. primarily aswiated with the third splanch- 
iiucranial arch* forks anmnd the tirsc funcrioiial gill slits of fishes and sends a 
branch into the pharynx. Fretjuently it also lias a .miail branch associated 
with the lateral-line system. Its sensory fibm have their cdhbodics located 
in the peirosal gangltan, 

fii manimaLs the sensory components are connected with the taste buds 
ol the posterior third of the tongue, and gentral sense organs of this region 
and the neighboring portions of the pharynx. Mocst of ii» efferent hbrn 
supply pharyngeal mnscfca derived From the group origumUy associated 
with the third visceral arch; a few synapse with autonomic libers running 
to the parotid gland. 

f>. Vagus Nerve (X) 

The vagus nertrCf as the name implies, •‘wanders” to many parts of the 
body. It is apparently a composite of several segmental nerves. In fishes it 
splits into two main tnmks. iaterot and visccraL The lateral trunJt, which is 
sensory, supphes some of the lateral-line organs of the bead and extends 
along the side of tltc Imdy as tlic nerve of the kteral-Hne canal. The visceral 
trunk, after ghing off mixed brauchial nerves to the remaining gill arches, 
continues posteriorly carrying viscera] afferent and efferent fihen to the 
heart, the blood vesaeb, and the digestive tract and its derivuthos as for as 
the posterior end of the small intestine. The cell-bodies of the visceral 
afferent fibers are in the riadosal gangiioiu 

In strictly land vertebrates, with the loss of the lateral line #>Tslem and 
the gills, most of the nerves connected with these structures disippear. 
-Motor fibers of the branchial nerves persist, however, to imiervatc striated 
muscles of the pharynx and larynx. The main visceral tnink, w hich rmw to 
the internal organs, retain!! its importance, carrying both .sensory' fibers and 
efferent fibers which coimect with the autonomic nervous system. 

In cyckstomes the vagus includes many somatic sensory fibers from 
the skin of the posterior part of the head, In fishes and amphibians 
cutaneous fibers are limited to the dorsal portbn of this region, while tn 
higher forms they arc asnciatcd with the skin of the external ear. 
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UK Spinal Acctasoni' Ncr^'f (XI) 

The spinal aicrssory iifnif, foimd only in amniotes, is compnsfd entirely 
ol \TSccral efTrrcni fiber?. Part of these filxts, arKdiig from the po^erior 

ponioii of the medulla and running to 
Jilin the ragus, arc probably represented 
in lower vertebrates by posterior root¬ 
lets of the vagu-s. The others, arising by 
a series of rootlets Irrmi the anteriin 
cersical region <jf the spinal cord, are 
thought to correspond to spino-occipital 
nerv'i's of lower lorms. Tlicse fibers o! 
spinal origin inncrs'atc the tmpeziii!i and 
stemoclfidoitiaMoid muscles. The ftbcis 
which join with the vagus arc distrib¬ 
uted with it to the striatcal muscles ol 
the pharynx and larynx and to ttie 
autonomic nervous system. 

11, Hypoglossal Nerve (XD) 

The hypagiossai uerue is made up 
of somatic motor fiber? which innervate 
the. muscles of the tongue. Although it 
is found only hi anmiotes, it probably 
corresponds to some of the spintwredpi- 
tal nerves of fishes. 

The [irttctiotvi of the cranial nerves 
are cattoimed in Figure 658, 


C 0 

Fig. e'lfl. Thr fniutJiMi* h>( the eriaisl 
a[TV«L Aj smelling and *ecktg K Ill. 
n, imdlinfi and tT. Ill; convw- 

gmec and accomTiKidaiiun (111 ; de- 
ptf^sinn eyeball* (HI, 1^1; inastic*- 
tinn (Vi; lalhatiiiit and tartijig 
IX)i rwidluvi-iitg (X, XU); ton^c 
niu^'entcnl* IVIl), is, a motnctil ol 
vigiLmas, whli mitward rolliog of ihe 
rye (VI); taeiiit and car mcrt'otioiii 
(VII); Listening Viri .. (i, digtilm^ 
(XJ, The laily omiMiMi h the ipiuiil 
arriSMary (Xl '., »upplring cmsiiii nedt 
muscles si^ich niny hiive been nsetl 
vnrious litncs in thu lequmre. ',A* 
uifnmarixrd by Dr, Stanley Cobh, in 
Stiles, Thu Nmvut SMtfm and ifJ 
f Vptt;lirrlvtrw)S. W. E Sjuildm Co.) 


XL THE AUTONOMIC NERVOUS SV’STEM 

Murh of the mulinr wnrlt of the Ixidy, particularly of the cireutatory 
and rcspiraiory' apparatus, of the 'vieccra, juid of the smooth mtwrlcs, is regu- 
Utril by the general visceral efferent component of the nervous system, 
called by Langley ihr itHliiitnmtc Jirri'eTAJ 

'ITiis visccial cflercnt cnmponcnl, in fotitrasl with the .vimatic efferent, 
aJwaya requires two successive neurons to conduct an impiiLse from the 
central ncrvDia syaian to an clTector (vgan. Further, general visceral 
rcflrxes. for which the autonomic ncrvrjus system serve* :is the efferent i«ith- 
wav are not under vnluiitare control and tend to be more diffuse and not as 
ddicatciv voiirdinatnl as somatic reflexes. 
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1* Visceral Reflexes 

The aflereiu neurons whith (lonntiiJiilcaic wiih Uir aulonDmie nemiiis 
S)'3tcm are noi imtuiiiUy difTexeut fftitn thow ini.tilved m somatic reflexes. 
Although some are vi^erd sensory'^ with their denetriuc endings tn internil 
organs, others are soiuatic sensan^^ coming from exiemd sense orgam. It 
chiefly ihmugh I heir pcripJierd catiiictliona that dw^se two types of sensory 
neurons oiay bt' distinguished for both enter the central nerv^ous system 
by way of the Liuixd jicrvc-noots and both fiavc iheir ccl] bodies in the 
sensory ganglia of these routJL 
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Fig, 63f>T Rpftrx in the prripherat ntmms lysiem. Sorneitc 

rrlitx arc rin ihe I'itjht; QiitDiMimio neiliTK in: nn the Jeft. Arrciwi 
Lidfcaic ciitirin of nerve jinpLiiiCi, 


This simtianty in the afferent coRiponcnts of somatic and ^'isitfral refle* 
aru i» not rjttmded to thdr rnnalnins dements. ptrvicnisl) detcHhed^ 
in jdmpic somatic spinal rcllex arcs tlie sensory neurtm A-napms with an 
mtcmicdiate neuron which u cnrircly withm the centra! nervum system. 
The ititcnnvdiate neuron synapses with an elTerem, or motor, nciincct whic h 
hits its rdl Iw^Jy in tlir ventral horn iif the gray matter. The nmritc of the 
motor neuron, funning^ out through the ventral root of ilw spinal nerve, 
rxlrtnls, without interruption, to the striated muscle hheis which it innerv'atts. 
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Thus the cfTerenl pathway rjf a simple samaiic reflex arc consists of biit one 
tteumn { Fig. ti59;. 

In the case of \'isc£ral spinal reflexes involving the aiitonomtc nervous 
systCTTi, the viscenil motor neuron, with vrhlcti the sensory cell syiiapsc* 
without intervculkm of an intermcdble Jieuran, has Its cell-body b the 
lateral coiumn of the gray matter* Its neurite, which leaves the spinal cord 
through the ventral nerve-rchot, dues not reach an efTcctor but terminates 
instead in an outlying autotiuniic ganglion, Because this cell leads to a 
ganglion it is known as a pregaTtglianit muron^ The preganglionic cell 
symipees witli a second cITerent neuron wtiich has \i£ cell-body within the 
ganglion and sends its neurite (u an effertor, cither an involuntary muscle m 
a gland, 'Hiis second unit in the efferent pathway Is called a {foitganglwnie 
ueufoit. .Ks xJiowu by I-angley at the tuni of the century, auioiiomic path¬ 
ways probably always consist of these two successive neurons. 

E’rqy'anglionic neurites arc myelinated and covered with nenrolemma, as 
are tiicBt fibeits, Ixrth setiscry and motor, in cranial and spinal nerves- Post- 
gaiiglionic neurites, on the other hand, are usually nmi-mycliiiaud, having 
only the thin neurolcmmaJ sheath. 


2. Autonomic Outflirwit 

In mammaLi the nerves which Lnclutk preganglinnle fibers fall into three 
gnmps. namely: craniat, ihorar.ico-Jtimbar, ajid siirraL These are known at 
iiuioanmtf outflows, or difisions of the autonomic nervous system, 

Ihe franiiil dhiiian ronaists of the nerves, the oculomotor, facial, glosso¬ 
pharyngeal. vagtis, and spinal arccasory, as shown in Tables XI and XIl 
uiuli!r the heading “general visceral efferent.” The tkoriicico-tumbar dh i- 
fion ineludcM die thoricic and fitsl few lumbar nerves. Acatrding to Sheehait 
tlie most jKisterior nerve belonging to this group In man is the second 
lumhar fL2l, while in the monkey it is 1*3 or Li and in both cat and 
dog L+. Tlie sitfTid JiMflon is made np of the third and fourth aaend nerves 
in man. while it consbts of aacrais one, two and Lhtee in inoukcy, cal, and 
dtjg. 

In the craniitl and sacral divisbnA, the aulorinmic ganglia, in which are 
located the postganglionic cell-bodies, aix cIdsc to or anlkcdtled in the organs 
which they innervate (Fig. 6(30]i. Being near to the termination of the 
pathway fmtii the central nervous system to the viscera, they ate known as 
i/Tminal gongfio. 

In the thoriiclco-Uimbar ditision. some of the ganglia are terminal while 
others ate nearer to the nmc cord* Many, lying venirct-lateral to the vertex 
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fig. 660. DtAgram of tbo principal autcmoniic ncrv'ioii? pjiKwayL Tbc 
ixiTiAfrympjiihciic paltii ^te neprescuted ai pFr^giutgliiinic ntutom 

iiy dAih-hDd-du4 lincis; pcutganglMinki by dottCil S>'niparhctio pathi 
w. ptcg-^uigliiinic by tcmtiiimtui Jincs; past^anglkmkju by bfDkeii itcLs. 
Palhwayj lo blood %t£kLi and intcgutnenf tho^ii enTjr on left ^idc of 
bgurcf fhoi£ tfi other vuctraj smicnircs^ only on ihe rigbi wde. [AfTcr 
Ikiiicyi) 


bra I cctlumn on cilfic:r side, are connected !on ,q;itudjnany into a pair of 
Esanglkiiik cHaim. TIic)' are laiDwn as chain^ or verUltT^^ gangHii, In .itldi- 
tion thmr^ are i:iJlatsTaI gang^^^I lyin^ on the ctonial aona ai the points where 
bIic thrtM: major arteries to the digicstive tract arke I Fig. fitil . Thux ihcir 
are tlirer type^ of ga^nglLi In which pcstganghanic cdJ bodies as&od^Lctt 
with ihb outflow xniiy be located. 
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Figp 66.1. Dmgriimmtiiir wuir^rii liiriCntiilT thr inmk aI j vcrtdbmte^ 
ihowinK diC dLiifiihiJiioii tuiU^ianniic cTicito^fUDLor Pnr^AEig' 

Tifiiiirv 111 <jrrnEEniitiiiiL Lkitci^ pon^LiiiijjiLLuiiii^ jrt bmakca iloca. {Alli^ 
niiodrEch.) 


3. TlM>racico-l.Miiitiar tKvwon 

Ojlc of the characttrif!Lic feaiurts of the thoraden-tnmbar outflo^v is the 
chain of wrtebml gatijtlia, also known as the tympatkfftic trunk (Fig. G60). 
Each segment, beginning with the first cemtaj, b represented in the chain, 
hui the eight gangiia of the cervical region have coalesced into three, Icnown 
as me tinimoT, middbt, and p^iltinor rervietd ganglia. Although subject to 
acme vanation, ihc anterior prohably corrBpuuds to the ganglU of the first 
four neck segments, die middle to the fifth anti sL\th, and thr posterior to the 
seventh and eighih. fiiunetijnst the fust thoracic ganglkin fuses with the 
posterior cervical to form the stfllalt gangitart. 

To the sj'mpnthctic trunk preganglinnlc fibers arc carried by tlie nervr^- 
which make up the tlmracicolunilmr nutlbw* (Ti-L2, indiisive, in man I. 
Each of ihete fllxts divides hi to a number of bmnehra in the trunk {I'jg. 
11)62 J. l*sualty one or more hranches terminate in the gnigliuu bflonging to 
ihe iimx ihnmgh which the libo' Jeaves the eorxl, but others run ,'micriorly 
and pnsterioriy in the inmk and otcasituialiy some cross to thr trunk of 
the other side, As there Is no cenicai outflow, ihc cenical gatif^ia are 
supplied solely by fibere running forward from the tlioracic region. Similarly 
the posterior lumbar and sacrel ganglia arc supplied by pregangiionic fibers 
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which fcacli ihem by running posteriorly through the sjTnpadietk- 
trunk. 

Between each ihumcic ganglion and its spinal nerve is a mmut cpirnmi- 
ntfdju, jsomelitnca spoken of as the autonotilk branch of the nerve* Thh 
rainiis consists of two portions (Jrig, 659 ITtrongh ome pjut, known .la the 
tvkite commuiiicaiing ramUi because its fibers ate mydinateth nin pregan¬ 
glionic filters carrying impulses from the cord Ui the various auiononiic 
ganglia, llimugh the other porticai, known sir the gray ci^mmatdeating 
rnmur bccaiL-se its fibera are umnydinated, postganglionic ncuritra ran back 
front the chain ganglia into the spinal nerve, tlimogh winch they an: dis¬ 
tributed to sweat glands, arrector pili nnriiclcs, and the walls of blood vessels 
of the body wall and appendages. 
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Rr. 662 . Dbprajn l^laMrin^£ ihe n^latimu of fhi? cFmpAtbetrf! 

drain tif die ipiii+if mid ncrvei. Prr?|mi3^h.uiic fiben me nbrvvtn 

cominimLii Iinrtj poicgauglianlc f^vn an bruken lii^L f Aftrr Ejutiviti 
uiid CLirk. } 


As there i\ M ccr^’kal outlluw^ iitrvrs of thk region dn noi have white 
rami but thc> are equipped wnih gray rami which c^rry po^gauglionic fibers 
from corrcspfinfling tirnical giin^Iia. Other pu^tganglionk fibens frmii thwr* 
Sangibi run to the hcoJtt die aalit^r^' glands^ and the eye. 

Posterior lumbar and ^cmie s^traJ ncn’cs have grav but ud white 
rami as the thoradco-liimhax outfluw ends m the mid-lumbar region. 
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As pnErv'ioii^ly mdttjfintdt motst preganglionic fibers rnittinnr bcvfmd llic 
aiiionoinli tJiiiin gaiij'lion associaicd ’vs'uh tilt ncfvc Utrough whith They 
leave tlir spiml cord. Many nin anicrioriy or pciiieiiDrly to disiribute to 
several chain gangib. Thc^^ loiigitudiniii fibers^ which ^ofnitTt rhe gimglia 
logrther inro :i chain, form the rami" inter^mgli&nes (fig, 662Other 
preganglifink fibers may nin arrosH to the sympaiihelic iruiik i>f the oppo^iic 
foriTiii^ig grtiups known ag mmi 

ilany preganglionic fibers, ctJtilJjiumg tlirotigii liie cJiain ganglia with- 
out inlemiption* txiend to coUateral or to terminal gangUa. 'I'ht largest 
cd la I (xol ganglia are the trwhVi/:^ anferiW rn^icfttcric, and f^ostarior mesen- 
tefiCt so tailed because tlscy lie near the points where aimitarly named 
arteries miginalr fmm tlie dorsal aorta. The distribution uf posigangllfinic 
fibers from therse various ganglia is shown in Figure 660. 

The visceral nersTS, supplying (iac internal organs^ include not only 
prtgaiLgLioiiic and pcx^igangliaiiiL fibers of die auhiiiamic ticrvons 
but aba \Tsccra! sensor) filwrs which nm from these organs to the spinal 
cnttl^ TIic'^ sensory fillers^ whiih reach the npiiial nerves by iv'ay of the 
while ra*tii, extend froin the inicmal on^ns to the spittal cord without 
intcrniption. 

TIlc fibers of the auionomie ■nco*tiiL«i ijy^sicni sxre prone to form plexuses 
by anaslmnodng together. Chief among these pltsuws arc the £ftrtimi;^ 
c&fliac. and hyffogeitric^ the names of which mdieate their aasodationfc 
The largest of ihea: is thr or .tcj//rr. pioKus in which lie the l ocUac 

and an tenor mescoteric ganglb. Tltk plexus hn ludos fibers afsodaicd with 
both the tfiofacicolumhar outllow and the vagus nerve as w^cU as visceral 
sensory fibers- from this plexus^ fibm radiate to thesiamach, small micstim:, 
liver, panrrestt colon* f^pkeii, kidneys, adrenal glands, gonads^ ^id as^io- 
riated blood veseb. A ^*^hlow on the solar plexus,” it i$ fihvicms^ is likely to 
ha\t fajr-rcaching repercussifjos quite as effective as the tradUicuml "“monkey' 
wntnrli thrown into die machhicry*” 

4^ Douhlc Autonrvmk Supply 

Most of the ^i-urcr.! have a dnuble auronnmlr mT\T supply, ench organ 
being inncrv'atcd by cither the mminl or the sacra] out fin w m addition cc 
the 1 1 nsfLiHef>]utnlxif (Fig. 660). tmpnbrs tmrHimjtted to an organ by the 
rhiitacicfi-liinibar divlsinn pritiiicc rffeets that differ fixim Uirfir bmtighl 
about through thr ncti^iiy of the rraninl or saemt ouiflowB, Funhcr the 
Lnanial nud iiirral outflows rraembk cmr an^^thcr, but differ from the 
ihoracko-liimbar, in their responses to enrrain drugs, lor example, adfcnaHn, 
atropin, and pilocaipin:. It b convenient, therefore, to group the cranial 
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anil S;icfal ingcthcr as ihc pernsyrnffulh^tic sysiem, in cciiiLr]i!ii ^itb 

t!ir diiir^kcnJiLtckhar divbinti| or sympciiAeti^ Examples of thii 

double iiiDeni'ation are the autonomic applies to the eye^ hcarL and small 
iriLcstinCd 

The parasvinpatheLk hmervatioo of the eye, through the cK:iiloniotor 
uerM:, brings about reduction in the size of the pupil and accommodation 
for near virion. The aymipathctic supply, by way of Uie anterior cervical 
ganglion, cau.^ dilation of the pupil 

ITie is slowed down 1. inhibited J by impulses brought to !t rhrnngb 
the vagus nerve (parasyTupathetic) but its bral is accelerated and tiiLreascii 
m force by sympaihctii: impulses, which for the most pan through the 
stelbie ganglion, 

liiUilinai pertstidnis, on tJie other hand, is inrrea&ed by ttii: and 

inhibited by Its sy mpathetic wluEih come tnarnly from the coelbic and 

jintcrior mesenterk collateral ganglia. 

5. Comparative Anatomy of ihe Antnnomic System 

In amphioxus there i& no Involuntary nelsons sy^stcTUv but in cyeto- 
^tomes ganglia unconnected iry^ means tif inlergafiglboir fibers are rstal^^ 
liiihcd in the body Tcgiott^ Elasmnhmiichs iind prrennibrant-luate amphibians 
ishow an advance, in Ltiat a network ul fibera connects sjome of ihe trunk 
ganglLt w'ilh each other. In telrost'i a thin trunk-line of intergafigliotije filirrs 
b presrnt with fretjuent transverse rami, while the V'th, Vflth, IXih. and 
Xlh cranial nerves form a bulbar (intilow extends the rnvcphmtary 
system mio tiie head, in anumiis only the Xih nerve b involved in the para- 
sympathrtic pan of the inrolimtary sy'stem. It b not until the amniotes arc 
reached t.hal the primary- invnUmtary system of the trunk becomes deftnitriy 
exieiided In (mth cranial aiid sacral regiims. 

In addition to this nennus regulation of viT^cral activities, there ton- 
aiderablc non-ncrv'ous control through Uoniiouci! produced by ctidorrine 
glands whem Mirrrtm from ihc inlesrinal wall fitiitnjlatc^ ihc flow of the 
pnncrtutle juiiv frcsni the pancreas; 

Agaiu ilie clcjse couneciioii between tfje autonomic system and hormonir 
control in shown by die iaci that at the tioic when the neuroblasts. itt r.n> 
bryorue neurons, mipiale cm from the thoracico-Iumbar region to form the 
involuntary^ gimglb, they ate aecompanjeii by certain Bo-ealJrd chromaffine 
rrlh tliat huw ihc pow rf 10 weerett admialin. Tliese cells eventually become 
tcK aliped In the suprarenal glands, where they produce adrenafm, a hormone 
which stimulates fibers uf the sympathetic pivrtion of the antniininic iicrvxius 
system. 
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The will* or the exerciise of the voluntary apparatus, can affect ibe 
action of the atitonomic under certain omjm?taiicea,i as for exatnpir, 

when tnsui, rontrasicd mth animab, sctu up definite arbitrary times for 
eating and sleeping-, rhis is conscious comxoi of a more or less unconsci 
performance. Inhibition of the unconscious machinery of dictation can 
brought about indirrctly by rortveious ivorty origitmting in the realm of 
volnnrary ncrv^iis apparacus. 
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CHAPTER XX 


Ports of Entry-Sense Organs 


I. L\ GENERAL 

CoinmunicatlDn with the outside world Is made po^bk by sense organs 
4 hut form the most peripheral part of the nervous system. 

'rhcj- ait cascniially environmental organs that by way of the sensory 
iicr\'e hbeis with which they arc connected receive and transimt tmpreEsiona 
•if what is tiappening in the surrotuulings. By themselves they do not licnfc or 
feel these happeninf^'s, for they ate simply atxnucs of approach to the centra] 
ner^xiiis system whicii is the particular part of ihc body endowed with the 
power of setvsaUon, When oncj for example, “feds*' a pin-priek in the 
lip at the point where the contact h made rather than in the brain where 
the sctisation actually occuis. it Is bccaiex be has become accustomed to 
refer all sauations to the point where the stsmtdiu originates, and mistakes 
I he ^n for the man behind the gun. One does not sec with a pair of glasse 
but through them. 

It all goes back to remote es'D^utioinary day's when the function of sensa* 
ticin actually tvits located at the surface tu that part of the body exposed 
directly to outside bombardment. Although the receptive set'sory Hstties of a 
lining animal are originally ectodermal in origin and external in position, 
they do not remain in this exposed situation but in tiie course of time 
become for the most part buried withhi the prcrtectis'e btjdy, tn tha way 
being shielded frmn direct Impact with the strenurnis and constantly chang¬ 
ing ou tside world. 

The withdrawal of the central nervous xysiem from direct extemiil 
tnflticnccs necessitates the establishment of prHphend nerres in order to 
retain connection between the central neivous apparatus and the surround¬ 
ing environment. Since nerve fibers in ihcmKhies air not so well adapted for 
the reception of outside messages as for the transmission nf them, specialized 
sensory structures that arc ontposts, like sentriesi on guard arotmd a 
are required to keep in toudi with the cm'ironment. 
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of f/u? 

These intcmicdiai^’ amjcturo? iKWtcti iht and !l« surtouijdmg^ 

rtPc commonly known ;i3 "'sciise org^Lns^ althmigh ii is prefenihle ko tall 
them uc£pi^, since uot all imprcs^kim nx:civpd through them rrsuU in 
iicriiiatiDn^ in Jaci sensation i# only an mddcntal rc^nlL of receptor cxcita-- 
don. 

U SiJiiiiili 

A Mhii li b sometliing that a feLepic^r receives^ Li tlrlrned by 

Stile? as ”a rliatigc^ physiral nr ehmnical^ which is capable of prioiducing 
physiolo^c rtatlioiis/’ 

it may conic from ihe oiitsiik In tiir form of cnvironmeiiial changes of 
^'cirious sorts* or it may arise from protessts gning on within the organism^ 
as when die production of carbon dioxide in tlic blocHl siiniiiiates the 
respiratory ceiucr in the mcdulhi widi the result that the musdr^ luvoUed 
in breathing are set into ardon. 

Thr iL^ndal tiling about any stimulus h the dcmcni of change, or the 
fart tliai something dirfereut in kind or degrre is taking place in the stir* 
roundings of an anmiiil. 

Cairtstantly repeated or long enduring stimuli faU to register ^nsatioOT ns 
for example when the hum or rfiar of city traJtle fadei ivith fatiguing rtpeti¬ 
tion and becomes noiircable again only when thfrre h a change in the char- 
actrr or ititctuuEy of the s^>uncb produced. U is pcu&ible, therefore, to breomc 
nbliiifiiia to extraneous h.ipprniup that are irteJevjml lo certain sctiFc organs 
involved, ihcirby gaining a high degree of efficiency in the receptba of 
specific stimuli upon whicli the aitetillnn Is focused^ 

M painted out long ago by flrlmholtz^ »ell^st organs cannot give a true 
pJeture of the artiial rnvironmrnt in which we li\ but only of changes 
taking place in ft* 

The contintious regularly lepeated he an-beat, or the ronstant waving of 
cilia do not rcqnire a fresh stimutus for every muscular movement that they 
make. Neither do processes of growth and repair csdl fgr sensory ^dinula- 
tion. 

2. Reerptors 

Iierept&T& are generally crib or organs that are sprrialized to take in 
impnr^ons of a sin^e kind^ and no o^hcr^ f Mujlni^s LawStich receptors 
are said to be **adequatc” for the stlmuhifs in questkin. The eye h: adequate 
for ligli4 and taste organa for the chttnital stimidarian of dh^lved srtb- 
5ranra^ bn* neith-'r if!, adequate for the reception of sound waves, Tlik exclii* 
^vc adaptation U> iialy Eype cf Etimulatl™ h a very great advantage 
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^nfc in this way protcirticm b gained agitioAi tuuiccessary aiirtoyancc arising 
liMiii sdiiiidi oilier than die one to which die tticepior in qiicsFtioii ha^ 
become adapleil The scnsaiy* clnnrnts of i'}t^ arid for while 

retaining a dear pathway for espg^urr to tht strniuh of light ancl floutia 
respectively^ arc nicanwhile protjCc:tfd fnmi chetniciil jiiid tacdlc stiniulatioD 
av wtdl ius irum tcniperDLurr diaiiges. In the same way smell and taste 
aldioot^b in an ideal <^ituacion to be affected by gases and liquids^ 
ire not particularly expend to mcchamcaJ rontaciLs or lo the impact id 
waves of SDund or light. 

Many receptors thai are entirely adequate ftir thejr own kind of jitiitiuH 
can gain rcUrf from exetssive or fm rs^i ii Ix^mbarriniait of stimuh bv imug 
temporarily excluded from eveu tlieir uwtt piirticiilar sort of stimiiEalEntT 
TTius h k possible ua shut out light for the time being by closing the eyt>, 
and to cease from taFting thinfF? by keeping the moulll siiuu 

Sametimes a nxxptnr is acted upon by a stimulus for which H is inr>l 
adequate or appropriate^ When nietuhol is nibbed inio ihe skin a feeling 
of cold rcFiiIls iiiMead of the usual chemjcal rf^qxmse of smelK or if a 
\abrating tuning-fork it placed on the tip of the tongue^ instead of h raring 
a sounds tile result is a tickling acjiMiion which is a form of iouth-rtapcini?e. 
In these institncps the tbcmial seitic endingx in the skin ore inadt^tfinitr 
for the chemical srimuhitiori proiluctd by meutliol^ and the taciile 
bulls Oil the tip of the ton gild arc inadequate receptors for the sound waves 
from the luiiiug-fork. fn Ixilh cascA U h- the ixntra] nervous and not 

the stimulus or the reccplnr that is rtsfkinsihle for ihe paitirular sensation 
that is experienced- It bi rjilirtily pusnble- for scnsatioji to occur lit die com- 
pkte ahesrnL'c of a receptor^ as in dreamy or wlioi the stimulus ccinniA iti 
tlirough a port of entry not adequate for iL 

lit any case the impulses that giitr rise to rnisations do not ori^ate 
with die rereptemf hut arc snmply tniusfrered through ihrm to thr scusniTi' 
headquarters within. Whni we blame our innocent feet for heini^ ^veary 
after tramping fur homs tfLraugli a musruiu or art gallery, the inaccessible 
brain w^ithin adh no attention to lu guilty pjtU hui kts Ihe tlUirion pass 
without protest* 

Whfti unr tcaliics hnw ea$y it h Ui have ^c^isoty tllusjoi:^ of all ions, 
and'bow \nriable the central judgment may be upon the **c\idenre ot the 
ftcnsffi,’* not only in the of different individuals reacting to the same 
circumstances but aha of the same individual at different timef, it ia small 
wnnder that lawyers hovic litfErulty' in extracting the truth even fmm per¬ 
fectly honest sworn witnesses, since natumi Iinikatlotvs compel us alt to ""sec 
ihrough a gloa darkly/* 
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3p Kd&ponsc 

ProtozoMS iiAV^ no liook-^jp between sense cri^ans and a cent nil iienous 
syjrtrm, but nevritbeless aie in responsive conimmikatkiLa v^ith their en\TrtiTir* 
nieiit^ and may, therefore, be properly referred to as sefuaria- The Same is 
true of plants^ which have no nenes, alUioug^h respondiug definitely to 
eimie^nmental stimuli^ such as lights tcmjicratiHT^ moisture, ajid griivity* 
In fact irritnbiliiyt or the capaehy to respond to stimuJI, is .in cssendai imi- 
vcfsid property of proioplostit, The $<imory rcccplors of higher aninuih are 
simpty rdlular struclunes dmt ini\x specialized in this i^eneral mdoviTncnt 
of irritability* 

Response to stimuli resulting frmn cnvinonment^l ifumgcs may take the 
form of (I ) rnit^rulstr conimrlion; (2) glandular secretion^ cr (3J even the 
more Invoked processes of psychic performance. 

There are upper and lower Limits In the teceptive range of hinnan sense 
organs, Tlius, the range of vibrations whkh ^tmuilate the human car as 
sound lie approxirnaiely bet ween 16 and 40d)00 per seconds while ittc raitge 
of the visible spearnm to the hiinmn eye b between 481 hilfian ether waves 
per MTCond at the red end, and 764 biilim at the violet end. Outside of these 
extremes human rccepEDrs arc inclftctivc widi respect to diher sdund dbra- 
tions or light waves, and catceps within ^ich linuts i>ne can ndthr^ hear 
nor sec* 


4. Sensory Range in Animals 

The sensory range of animals other ihan man is usually not only unlike 
that of man bui may also extend bewnd H. Cats, for example, are known 
to re^ptmd to higher tones dian are pereeptibk to human ears; ants, sub^ 
jetted to a field in which lighr is broken tip by 3 ^ prism into components of 
the spectrum, arrange their cxpoiKd pupae witli reference to tiltra-viplel 
light that is invkibie to die human eye; dog^ perrdve a repertory of odofs 
of whkh man knows nothing; and house flics Eilstinguish the difference be¬ 
tween canc stigar and saccharm which to the Inmmn tongue may taste aitke^ 

Biute upon a batllrfirldp rt is reported, are apparently not abrnied by 
the terrible cr&^h of exploding cannon, continuing to sing and to fly about 
iK usual since the ivholc unusual performance is quite beyund their ciis- 
toman- range of reception, llie pictitn? of n mouse, howc^nr lifelike, awaketis 
no intrresft when phred before the eyes of a hunEny cat. 

The I liarai ler of nny sensation depends not on the nature of the impre^ 
sion reedwd but on the propeitid of the hmin cdh to which the impmdcin 
ts referred. 
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Owing to the specUlliurd receptivity' of diflcnrnt kmck of reccptotTi for 
particular Mimiilip and die largely varUibie subjecdik'e element that has^ jkj 
much to do with the made of organs, it is extremely imcertaia 
how lar our knowledge alx^ui the sensory life of animals uiher than our- 
jJclvcs is dejjciidaJjfc. E\t:n in the case of other human beui|js w ith a sensory 
equipmcjii apparendy quite like our own^ we can ordy infer what the Si-nsa- 
tioiis cxpciiciiced bj' mutiial siiiituli arc like. 

it becomes necesarv with regard lo animals having TTCcprnrs and a 
central apparatus tttdike that of man to resiiri to obeservaijoti of objectiv'e 
bchaiTor resulting front the applkadon of some {taiiiciilar ^ajnmlus. in order 
U) make smy reasonable gucas .'is tn how they “'fed” in such ex peri men Eal 
dnmmstances. Behavior, moreover, m by no means always a safe critetiou on 
whidt to depend, for a responding animal may not do wluit man or some 
other animal might do under the same crmtlitiLins, Similar moverncncs do 
not necessarily express jamilar sensations. For example, when a friemlly liog 
wags its tai4 it pnrtraw an entirely diffeimt state of mind from that of an 
excited tiger, Jasliliig its tail back and forth, II is especially ernbairassing for 
inan^ whose tail is Duly an evolutiormry memrjry, to try to pass active 
ob|eciivT judgment on the fctlinp thai find expres^on m tail niovemcnt 

Naturally the more unlike man an animal is* the more xmccrtain must 
\yr the human interpretatjon of the world In which the animal li™. The 
cJoOTcal story' of Aptildus of GoUi^rn Asis in whkh the hero by witch- 
croft experiences an iiiTeflode of being aii animal, suggests to thcr exploring 
biologist art illimiinatiug line of ima^uary research and speculatkm. 

5w Accessory Structures 

In general the sensory^ ending? of afferent nervr fibers air dihef free or 
encapsulated* »eir mn^c ^ndittgs terminate among the epithelial cells, con¬ 
nective fissile elemetm or muscle fibers without any speciafijcd rclls sur- 
iuunding them. EncupsuiaUd endmgr are cm closed by groups of cdb of 
varying complexity* Rallying to the aid of the specialized semary rrib, w hich 
are the cssenihJ receptors^ is an army of various accessory cells serving as 
nouiishcns, protcctoiXr and msignifiers in die make-up of the complkated 
^nst organs. 

Ectodemia! receptntx may lie scattered in tDteguinentarv' sense organs, 
Of be clustered together artd surraimded by^ cells and tissues^ Ipogtly of 
TUcMTKlermal origin, tlml are respinsiblc for the ebborate dilfereucca which 
characterize the vaiious sense organs. 

As might be expected, the least morphological complicatjon b fcnuid in 
rcceploTs of the more primitive aquatic animals. The tranridon to land Ufe^ 
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with coDseciuent atceaa to a wider ranfje of siirtiuli, ha£ liccii invariably 
acr.ompanicd by an iniirras^d differen liar ion in ihr fitrurtuii: of the nreeptor 
organs; ncvrrthcLesa aniung the highest land vertebratffl the esstattial seiiaoTy 
receptor cells of claboraiely speciitlized scjise organs, such as the car, arc 
still bathed in fluid as aie the niorr primitive rtiieptoia of - mimtie fonm. 

Li nearly all Cases the sensory receptors are jiarticiilarly protected from 
mcrhanical in]un'> Eyes are iioused in sunken skeleLol orbits; the sciuory 
parte of the eats an: cntiidy enilicddcd ivithin carlilngc or bone of the 
cranial wall: the Dtlaclory cpithrliiun is saiely concealed upon the Inner 
wall c>f cavmiuus iiasal pits; die organ? of Ltiite arc inside the niOuJh cavity 
Ijctiiiid clnctug jaws; even the citlaneoui organs of icmpcmlurt, pain, loueh, 
and pressure, which are located in the cjtpfjsed skin, are in many instances 
cither sunk below the surface, or surrounded by an individual barekaile of 
uoii'Seiuiitive, protective cell ular maiemh. 

II. CLASSIFICATION OF Rf'CEPTORS 

ITie old subjccdw dassihratian of the sense organs into touch, srnelL, 
taste, sight, and hearuig is no longer suliitieutiy inclusive, for there are 
nearer twenty-licT dian fiv'e diflerent khith of receptonk that can be distbi' 
guLhed in mjan alone, not to mention additional ones which characterize 
animals other than man. 

By I'otteidrring TTceplois in relatinn 1o their arlcquacy for particular 
.stimuli rather than the sensations produced through them, an objective 
rattier than a subjective basis h found for thdr elassificatinn, making pcnsible 
not «mly more accurate dcscriptlun hut aim the inclusion of certain known 
recepinis fo't which no comsponding sensation is recognized. 

Cllassifying reccpt<}ts lirst m accordance with the source of the srimiili 
for which they are adequate, there are three major groups, dtsignated by 
Shetringtom as extirofeptorit whose stimuli come from the outside; and 
prrtpriecfptari, and /ntfrotfpiorr, whose stimuli arise withui the organimn 
itrelf. 

Bxtcroccpiors receive mcehanicah chemical, and radiant stimuli. The 
more deeply seated proprioceptors iiijvc to do With the contml of the muscu¬ 
lature and the wmking of p.irts of the body upon each other, while Tntcro- 
cqstors are asDcmted primarily with the digestive tract and thingt like food 
w'tdiin but not a part id tlir Isody. 

Exteroceptnr; are niviroitnitntaJ organ* proper, draling with the objec¬ 
tive outside wnrld, while propritjccptora and interoceptore are more sub- 
jeettre and personal, leading to sensation* more iliffirult to ilefiiir, such as 
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hunger, durst, fadjjue, muscle [onus, sexual exciLaLjon, visceral pain, nausea, 
and the general K:nsc of well-being. 

Although it is posible for the physicist by means of such gadgets as 
dynamos, thermopiles, telephones, chemical solutions, phoiodcttiic cells and 
the Hie, to conven all the varinus stlmuti arising in die external eoviran- 
mem tn the common denominator of eketric energy', man and animals are 
not provided with any specific receptors for the dcctrk cuirent itself. If they 
were, universal electric sense organs might replace the divensity of receptors 
which have been evolved. 

Table XIII gives an arrangement of ircqrtors widr the stimuli for which 
they are adequate and, so far as possible, the sensations which in each case 
resulL 


Table XUL CU-vsiGciiliim «f Reerpton 


I* Outride ... 



1, 

ftv Tempom ly cottcaci , * 

* * Tani^rcctfptoEi 

Touch, Prcsaiire 


bu Vibratory contacr * * * 


Hearing 


e. Iniciirivd contact . *. 

-. AJgcsi recepiors 

Pain 


d CtLTfmtif of water , _, 

, -RhetfrectTitorT 

Orientatiim 

z 

Chemical fttitnuli 

St* Gaso ***. 


Smell 


b. LzqiridS a a J s , . * « 1 *, 

*, GujtQircciptojrs 

Taste 


c* Irritating Hub^tmiCfM > 

* s IrriECKTCCCptorE 

Irritadcm 

3. 

Radiant sttniiilj 

tL Tbemtid , s s .***.*. 

a .CaJorcccpfoiK 

Heat 


b. Thama) . *. * *. ^ *»« 

, ,Frig!dorTOc:ptori 

Cold 


C* J^llClttC + *4>>S S + + 

. .Photoreceptors 

Sight 

11. Inside 

1- 

sottrees 

Mlr^culilr control .. ,s i **.,*., 

. ^FfoJ&Ti'ocif^rorf 

Tonua 

2. 

Aliiopncajy control - a . a * e e * 

. . Intifioc^ptars 

Hunger, Thirst 


For convenience in description leccptars may be grouped into: 

1. Cutaneous sense organs 

2. Special chemical scniw organs 

3. Gravity organs 

4. Tlie master sensei of hearing and right 

5. Internal sensory mcchaoisnu 
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IIL CUTANEOUS SENSE ORGANS 

Tlie flense organs of tlie s’ertehnilc skid iTlcliidc a variety of kinds, 
among wfakli are or^na of touch, and; procure, Icmpcraturej pain, and in 
some aquatic forms, tastr, and laterai-liiic organs that arc stimulated by 
ciirrii^nta of vir^tcr^ 

Scutic of these cutaneous organs also invadei the mucftm tnctnbniniss that 
line the passnge-wa>s into the body, pardciibrly m the transiuoiial region 
between the expcksed skin on the outside ami tlic mnL’it mucoiu lining within. 

Thetr is an evnlutioiiary tcmlcney for cntaneiius receptoTB to withdraw 
fmiii their original position directly at the surface of the skin. This is par- 
li;ularly true in liuui forms whuse skin is exposed to dry air, thus necessi¬ 
tating eedysis nr the pciiurlie remtivjtl of the dead outer comeat layer. It is 
an oh^-ious advantage when eedysLs docs not disturb sense organs kHiated In 
the skin, suite speclaU/ed neurons air not adapted, ate less dalxinitcd 
cells, for renewal by mitxisiN In most aquatic VCTtcbratejf w here there is not 
much need for eedysie the piitnarv superficial location ol the seise ircqjtois 
is coimnon. Upon assuming a deeper pomtion seiL'sory neunitis extend their 
rreeptive dendritic prnctsiws towanb the surface and the source of sttmula* 
lion. Thi'sc processes may cither end freelv between the rcEs of the skin, or 
the}' may terminate in intuTUite relatKin w'ith some sort of an accosory appa* 
rntijs that acts as a stimtUalort of tinti-ncrvuus mcchankaJ intermediary 
between the receptor itself and the slimiilus. The irtilT “whbJiers,” or 
tt'irmrae, of a cat, frjr example, transfer the atimiilufl of Tijet'hiuut.'al runtart 
tfi deep ircrplttf ueumn!l. drnrlrile of which fomi a bnish or net around the 
embedded ends of the vtbrbaae. Cutaneous receptors are the most imiuerous 
and widely scattered of any reuse organs. 

1, 'rangorcerptnrs 

Tlic lactild seme is the most unj\-mal and imai-oidahte of ah the mean* 
of communication between the organism and ib* environment. While it is 
quite pncisiblL- tii close the eyes and ears against siirhts and sounds, or to avoid 
the chemical stimuli Lhm lead to taste and furicll, it U not so easy for a body 
of three dimcnsitni* to ocape from contact with the gases. Iiquick, and s^dids 
flurronnding it- 

Tangoreceptors give an idea of the weight, sine, sluipe, FUrface texttirc, 
and geiiefaJ chamLtcr of objects within reach, 7^tuh is not only the most 
universal of the senses, bin it is the great cotiftTfnniory KfiS€, hearing supple* 
mentary wilntss patMariy to the major reuse of sight. A baby, for exam¬ 
ple, never cliseovera its toes by siinply gazing at them, for It Is only when it 
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acddcntally -rasps them in its cjtpJoriiig Imgrra that il joyfiiUy recognizes 
them as its own. 

Whm touch is sustaLitd beyond transient cotitact, it bccomiis interpreted 
as /(renure. Although in many instances the same reocptois give: the a'jisa- 
tic-ns of both touch anil prcssiue, the sense of touch is more definitrly locaf- 
Lecd bolii in time and spare and varies in imeimty from that of pressure. 

While widely scattered, tangorecepton^ arc by no means equally ilisttib- 
iited ihrniighuut the Eitm, but are placed more abundantly in locations 
where they are must likely to irome into contact ^vith estrnial objecte. llius 
in man the knee is more sensitive tu touch or pressure than tlic ihigji, and 
the friction areas on the inside of tlir hands and feet rhau on the scalp. Tlic 
concasT surface of the cuning tail of the spider monkey, J(if/cr ( Fig. 2fl5), 
is bare of liairs and richly supplied with organs of touch, because tliiB active 
animal makes constant tactile use of the tail in its arboreal adventures. Tlic 
IjcIIy of climbing animals like squirrels is partieulariy well supplied with 
tangoreceptora, and ev^u on the inaidc of the foreatirt of tlic human fetus 
(Fig. I9fi i there are transient tactile hoiis W'hich hark back to the dim past 
when arboreal ancestors climg m branches of trees;. 

Scaly reptiles, in addition to the tin.-clopnicnt of a Iiighly tactfle tongue, 
have cither noii-sensitivT eomeat •‘hairs” similar to those on a bee, that act 
mechanically as sttniiilatoi^ upon tiie tteiuiory receptor? emlieddcd in tlie 
skin below, and are shed at eedysb with tlic scales on which they grow, or 
else certain of the si'ales are penetrated hy small pores, through which cuta¬ 
neous tangoreceptora gain access to outside contacts. 

Not much is known about the organs of touch in the skin of fWhra and 
amphibians. Certain sensory' temrinal buds have been demonstrated in the 
coimeciivc tissue at the liasc of the finK in clastnobraju'k*. while there is liltk 
doubt that Uje harbulcs dangling around the moiitli of auch Imttom-fceding 
hshes a,? the catfish, vlmi'urur, ha^'e si cellidar equipment which enables them 
to act as “feelers,** In general the scaly skin of fishes and reptiles exrtudcs 
tangoreceptora. 

In amphibians the mneons membrane covering the tongue is sensitive to 
touch, and in snakes there art sense tcDs in the llhkrring proinuribk forked 
tongne, although specialized tangoreceptora fn tlic skin have not liirrn dem¬ 
onstrated in these animals. It is in mammals lb,al tangoreeeptors reach ihcii 
greatest elahorauon and have been most studied. 

Free nave ending may extend between the celk of the cpidennk ns far 
as the stratum grnmilnsum. Tliey' are especially abundant in the outer root 
sheaths of hair follicles which are powihly' the only tactile organs for much 
of die integument (Fig. 6fi3}. 
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Of die types af UiJjgoreccploTT^ that make use of cssary noa-jiervoui 
strurtures the simplesi arc M^rkeC^ rmpfssdei [Fig. 654 ] in which ihe 
exposed ends of the dendrkes fnrm each fitting under an epithelial 

stimuiaioT £^ll. Whenever such cells are agliaied by loniaci^ die sditiiiluLH is 
received by the cuplike ctilolding tips of the cuirvc fibers and Lnuisferred lo 
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Fig. (iG4* Mcrk^ri tafXlle cor- 
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tht limin, with the resultant sensation of touch nr pressure. In tliis case the 
non-nervous siimtjlaior cclb arc larger and inofc likely lu effect a ccinrai:i 
siimething cjiitsjde than free intcrcelluliir nerv'c would bc» 

Merkels corpusdea are parxicularly abundant on the rsploring tip of a 
mole's nose Of the rooting Aiiniit of a pig. 

In hairier portioiiif of the skin there are encapsulated tactile endini^^ 
located chiefly tn the outermewt region of the derma. TacluiJed among these 
are: the end bulbs of Krause, the Vater-Paduiar. rorpuiwlcs, and Meissner's 

ciiMrpu?eleB. Krause end bulbs arc found In the sen¬ 
sitive mucous membranes of the ntamnialian 
tongue and lips^ in mammaTy glands^ in the con- 
juEirtiva of the eye^ jn ihc coiiuni of the finger tipa^ 
in the e.\tcrnai genitalia nf man, and in the moist 
snouts of gramig cattle ( Fig, 665 They' may be 
cold-rcrepturji instead of tactile organs.. 

\ atcr'^Pactni^n ojrpiiscles occur in the siib^ 
eutaneous layer? <d the sJdn, iis well as even deeper 
in tendons and Joints, in the pleural walls, around 
the LirKCF blood vesseb in the diaphragm, and In 
the perminciim and mesentery of the iuxly cavity (Fig, 666). the Vater- 
Packmn torpustlB are the LuTJtcst atifj mi™:opiraJlv iht mrst ekboralc 
uf aJJ Ungw«rep(an. Tht loniiiid hranchca «f tht receptor neuron tirr 
cnwnappeJ by successive Faven of cotmeaivc tL<«,ie, tike a Dutch vrouw’s 
pctlkt>iUi, the whole *tnu:turr being tntiiiy «rihle to the naked eye 



1-^. 663u A Krauie ftid- 
htilh^ from rlie ed^e M ihc 
ronjtincliva m irian. [ Aflct 
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A similar hni less dalx^njte tnectumisnu Cmndry^s rcrpuicies (Fig. Ij 67 J , 
found anly along the imirgiiLi of the Ixrak!^ of birds likesaiidpipct^ and ducks, 
cotisbt^ of two targe, disciike« non-nervous stimulator ceUs with nerwt end¬ 
ings from a sensor}' neuron satidw^ichcd 
m hrtwTcn them, the whok pac:ket being 
surroiinded by an asvetope of connective 
tisiiur. 

The so-called Herbii ^&rpusdes (Fig^ 

668) , likewise found only in the mouth- 

parts of liLitb, of two rown of noni- 

nervous stimnlaiar celb rurangerd cm 
either side of a neural core wiLlun a riip- 
sular sheath. Thc\ are distributed not 
only wiilun the tnouth cavity but also 
Ixrtw^een certain muscles and in arras of 
Lhe ^kin that are compaxadvely free from 
feathers. 

Finally, Meb^ner^M c&Tpurdffs (Fig, 

669) , which peenr in the friction areas i^s T^Mt-Bfatk d Hiu^fitgy^ enpy- 

of the skiq <;f primalcsi raembte highly pemiiiawti of UilLuLnu 

elalxirated Grandry corpusdes^ but b- 

stead of two, there an irregdlar pyramlil of nofi-ticrv’ous srimulator celb, 
intrrhiced by the branching ends of scoMry receptor ncurorui, llir entire 
mass taring enclosed in a sheath. When pressure applied tu a iMdsmer cor- 
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"^4 Biology of the Vertebratet 

piisck the whole appomtiu enmpte;^ Lie an accordion and ihe squeezed 
arbaiLcailonjc of the tanf>orcccptnr arnd along (o the brain the sensAliori 
which is translated as touch or preanre. Meissner cnrpUFClcs are ibe 
sense buds that laim the seniorji fftipUlof Juat below the epidermis aloii^ the 
friaion ridges of die finger lip® | Fig. 1391, which mate the rtngrrs mich 
delicate and effective unmans of touch, Rjemoving a glow before shaking 
haniJs has a ph>?iological as well as a social reason back of it. 

While tangorccrpUirs are usually Concerned only wilh actual contact, 
there is some evidcni:e that they aid in dctcnniniiig the presence of ni-arby 
objects, possibly through pressure resulting from intervening air currents. A 
blind person, for example, whose tactile senses han: become compensatij^ly 
sharpened, is uncannily aware of the neighborhood of a wall which he may 
he approaching hclorc he bumps into direct contact with it. 

The (act that the delicate ski:r of inluiils is rvidendy more sensitive than 
that of adults i» partly due to ihc Btrclching of the growing skin, resultmg 
in an increase of the spaces between the tangorcceptore. 

ThsTriniiration in touch varint in diffrirnt region-v of die skin. It may lie 
mea.nurrd by recording the mlninial distance at which the fine points of a 
lighdy placed pair of calipere give the impressbn of two points of siimula- 
linn instead of one. Sec Table XIV. 

TABLE XIV, DbrriinritalJiMi in Ttiudi 
(Fiurpi Hunoit'Opitr] 

rnni. 

Palm of the last phalanx of finger,2.2 
Palm nf the sccrnid phalanx of finger.,.,,, 4.4 

Tip of nme S.6 

Back of weond phalanx,, ,. .* - ^, 11.1 

Back of hand ....... 29.8 

Forearm , ......... 39 g 

*“7““"' . 44.0 

Middle of b.ick _____67.0 

2, Thermoreceptors 

®^™*d and plant lias an optimal range of temperature in which 
it ran moot anccesdully carry on ht arti%ities and upon w hich Its distribution 
over the face of (he earth xcry largely depends, ^Vhenever (he lempcrature 
of the cnvutinment depart from tills optimum tlie organism berames 
iiirrcasingly handicapped, until finally extremes may be reached that make 
lilc no longer pofisihJc. ’The range of tcmpcrnttire in which nrganisnB can 
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remain active is sQinc^'hal leas duin tlmt in wlucli they can r^maiu aliv^. 
*riiiiSij hibrrna[ing animals recovicr from the itorpor produced bv- extreme 
cold* as well iis from the rigor of inacti\it)' resuitiiig from trstreme heat, il 
ciikl and Jieai are not too prolonged tir excessive. 

The came of death is not the same at the two extremes of excessive 
lemprfuture. An ArH&rbit when ?=ubjected to gradually increasing tempera- 
tunes .it becomes more active, but later entirdy withdrave's its cxtendtal 
pseudopods until it exposes the least possible suifaic, fitntlly dying from the 
coagulation uf its protoplasm. If the temperature ts slowly lowered front Lhe 
optimum, the p^t^dop^1ds remain extended and moi'emcnl becomes more 
and more sluggish unU] in the end the aniniiil freezes in an expanded 
coinlition^ 

Organisms that con tain very' little water, like seeds and highly desiccated 
animats, can witlmand very' low teiiiperjitur«i, even freezing, without Ic^irig 
the abilky to munir artiidty eventually* On the other hand Kmc algae and 
injK'ct larvae, pmbably as the result of long periocb trf crmtiniious adaptation 
and scicction, are able to exist under extremes of high leinp^irature sudi as 
ciccijr in hot springs, which arc ardinarily fuial to most forms of life. For 
many years Bnies has carried on special observittlons on the curious aitd 
unusuiLt inhnbitants of hiit spriiiE^. Me reports some ostomshhig instances of 
the Danlesque orgajiknis that thrive in tlii:sr aqueous infernos- 

Davenport say's of the disrinction between endurance of extreme cold 
and e_\trcTiic heat, ''the elTcct. of high temperatures h prindpally chemuai, 
involving the Imtig plasma; that of kiw' tempera times is priuctpally muchnn- 
tnvolvuig the ivater of the body-'" 

Changes in envirojimcntal temperature act as stimuli to organjsrr^ by' 
rticans of which their behavior h laygrly rcgulaieil Frog^^ w-hich ordinarily 
swim at the surface; of the water, take Ui the bcittom when the temperature 
drops to abfiut 50"' Fabr, Dolbear discovered tjiat tree crickets, O^canikm^ 
at fitr Fahr. churp 00 times per niiniite^ varying four rhiqis to every degree 
of deviadem from that stanaard- Ac 55® the number of chirps is 71, and at 
75"^, 130 ehlrps per minute, showing that Lhesc vTi>cileTous insects are so 
ahsolurdy dependent upon the exact degree of temperature hi whirh they 
find themselves^ chat they consdtute an audible thcraiorncicr of considcralilc 
accurary, 

A similar rrsponsivtness la shades of ceinperariire b exhibited bv thoflc 
amphibian Romeos, froE^. toads, and hvlas* when they are stagrtig their 
aniciTmw serenades in the spring of the year- 

^rbrrmoncrcepfors arc altnnst ad restricted to the $kjn. Variations of heat 
and cold are not fell in the digestive tube exeepE in ihr IratiBitionaJ mucous 
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mejubrane at eitlu^r emd. Thermari"Lt?pt(5t5 art in fttosi Las^ Tri'c caJ- 
ifig? dial aiT cDnfuied Ut ibr skiii^ bt:iii;i; atiuitii m dit viscera, Wlit-ii a. gulp 
of hot cotFcc '‘kcls hot ^11 the way down,” it 15 bceausc thermoreceptors ia 
the skki arc i^tiaiuLaicd from Utc insiUi: $0 thal tlir seij^ation is eironeouBly 
referred to the RUipfLagu!#. 

’£Ticre are two types of tlierniorccepiorSt mmiely, cuhrec&pl&n and 
frigitlarecfpiifrs^ which tranmijt ^tiniiili resnitkig in the scnsaiinjis of wattnlli 
and cold n^pccdvcly. The fnnrtrT lie dirrper in die fikiji and nrr less mimer- 
oiis than the latter. Degrees of temperature ate rci^tered by a tliermomctcr 
os a cominuoii^ scries, but there is a pi^iiit of detnatcation between thermo- 
reerptoTS at whii:Il ralorcrcptora hand ^>ver die reception of stinudi giving 
rrfije to tempeniturc scosadou (o frigidorcceplors. 

'rile caloreceptors upon the tUceks and forehead ajrt highly rcfieptive, as 
are those on the palms of the himdsi^ w hich are naturally spread out towards 
an cpprn fire cm a cold day. I'hcv^ as well as frigidnrecrptors^ are practically 
abf*rni from the front fare of the cychalk, althougli receptors for pain^ 
are abundant ihere. !n fact ci^Jmeeptors are frtsqueridv con- 
Fui^d With alt^csiiTccptors, allhou^h frigidoreceplorR and tangoreceptors are 
-ipt to lie mi>rc iilu&cly iated logether. 

Owing to the proximity of dermal sense organs to each oiher^ and the 
JiTcgtilar way in which tfiey are iiuemungicd over the surface of the skin^ 
acrurtiir diisf-flminatiaii between die scaisa dons pujcluccd by tlieir &timul4ttifjn 
k wry diffinilt* 

In Ihc case of dtcrmorcccptonH die ri:$ponse nsuhing fram stiinuhiticjjj is 
partJciiLxrly coiiditionrd by thr numl}^fr of rrcepiors invnlwci. The total 
effect experienred, for example^ when an exploratory foot is plunged inlo a 
told batJi is quite diffemit tljan when die whole b>dy b submerged at oner, 

CVmfiidon limy also ^risc with respect to thr siiniuli iliat cscire the tem- 
pcraiiirc rcrcptmSj since the pr^ions condidou withm the body imniediatclv 
l3efon: change in tern[lerattire occurs playis a liangos'cr part in delcrmining 
die resuJiant feeling. Fot example, if one hand is immersed for a few 
raomenis in ice waicr at the same time that the other is thmst into hot water, 
and then tM>di are withdrawn and plunged together into tepid water which 
Is intnmedLEiic betweeu ihe cxtremiea, die former hand will *Tccl'* w arm and 
the latter cold, although bodi arc being subjected to the same thermal 
stimulus. 

GohLicbneider, one of the fiiBi to study thcmiDretepTors thoroughly^ 
located with meticiiloui exacines& in repeated iriab on his own skin warm 
amt cold ‘‘spots'* (nt:r definite small areas [Fig, 670 ), and ehen, with rnm- 
inendabic scieiidfo /rah crit out pieces uf thift carefully rhaned skin whichi 
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nlicr sertionin^ and stainin^^ ht 5ubjc^t4fd to dfiaited mirrcscnptc examina¬ 
tion- He found separate dbttitcc ncnc irmnnal^ tliat corresponded to the 
warm and cold sp<jt,% atid drew live condLmnn that the real LhcTTorireceptcrK 
were diiititifit from each other. 

Little is known of thermoreceptors aside froni free ncr\'e endings^ par- 
Ljciilaily m vertebrates other than ntan. Alnn^l nothing b known of these 
organs in non-vertehrates. In the cornea and 
conjunctiva of tlie eye, which are settshive to 
cold but tidt to hrat, numerous end bulbs of 
KraiiM! arc found. These are sitspccttd of be¬ 
ing frEgidorTcccptors, RuIHni tnilmgs, each tlte 
interlaced minute temiinal branches of a 
sin^de nert^e fiber, are abundant in the eye- 
lids, svhich are particularly receptive of heat, 
and pmbably arr tightly to he cLt^fied as 
calorrccprors. 

Iftai ihennorcccptnrs arc doimct from 
other cutaneous sense organs b well establish ed« 
since they not only tiave a diffeTCEtial dbrribii- 
tion* but also behave diffcrrntly upon bHi:ing 
*nbjericd to anacsthc^a^ Ckicainc applied to the 
skin temporarily destrov^ die effectiveness of 
tangorcceptc«rs and algesireccptons, but leaves 
thermoreceptors unaffected. Following trans- 
planiatioD operations tfXH the in^'asion of the 
newly-fomicd skin by different rcccplars U not 
^iimuhaneous, the sense of touch being die first 
to be rccslablishcd, foUow^cd by the sense of pain^ and finall y by the tem^ 
peralinc senses. 

'remjjcnitiin: di'sc nmtnaiion m different parts of the bf>dy has Ijcen tested 
With the ccmtluMon dial caloreceplois of the rj-elids arr able to regbler a 
tliffcraicc of of a degree ceniigTitde, the red lips, die outside of the 
arm, and the palm of the hand, H of a degree ccjitigrajdc, 

3. Algrsircceptors 

Pain h feU through definite specialized free ncr\T endings termed nfjjen- 
wepti^Ti. Paiiiru] sensations arc abo expeneoetd whenever excea^ve stimii- 
latinn b applied to sense orgaiif other dian algtairerepiotiL ""The constjtnlly 
^moiildcrnig embers of sensibility/' says Foster, *'may at any motneot be 
fanned inlu the flame of p.-dji/* TIiim one speaks of a U^ne" a$ 
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piiinf'jif 35 HciJ 35 3 too brilLUtu lights iminemoii in icr water or ECalilin^ 
water, or u^o STJongly applied pressure:. In all these cases the jjainful scits*- 
tion 3 received throngJt stimulatory ehanTicls already establehtd for otiier 
thjiri iliji of giting w^arning of uripleEtsatittu:^^ by pain, 

Messages of pain usually demand c<irrective auennoiij .^ncc they Indicate 
i ha* something ha& gone wrong. In this mtse Sherrington-a term of nnciVr- 
or rcccpiQ^ concerned with injuriesp is pLuthiularly applicabk, h is 
far mom unportant, much as we dislike pain,, to be warned of injury in time 
than to be regaled unintemiptedly with ddighls optical^ auditory, lartiie, or 
djemicalp as the case may bc^ that constarrlly a^ssail oihcr sense nrgansn and 
which rarely if ever admit stimuli that are fatal to UfeL Algesflrcceptors, 
thcrefarc^ pUy a peculiarly important role ui safeguaniing the vvrU4>dng of 
the individual. They are in cnnsccjucnce very numerous and widespreadt 
iiDi only over the skin hul abo in undrrlying organs. 

U has been i:sUmatcd rrooi carelul mappuig of rrrtain cutaneous regions 
that in the eutbe akin of a nomaikl human adult diere arc present 3(h(K)n 
calurcceptors; 250^0^10 frigidoreceptors; 500^00C^ tangoreceptors ^ and 
4*(KK>pOljO algcsirccrpmrs. This h a ralio of appro?dmately 2:13:25i200r 
indicating hnw far algcsirec:epnjr?a outnumber all the others. 

When it is remembered that excessive stimulaijon of any sensory recq^- 
tor may register warning pniin, it will be seeai diat Lbe pro^ion for pain 
sensations is bcricficcndy gem-rous. So ciahorate an equipment for the dclet- 
tinn af naiti b far more eJlectjvc in mart than in cjther anhnab Iwaiisc the 
rcttTra! iiei'vous s^'stem where painful stimuli air tcgTslrrtd is fmieh mtire 
highly developed than In other venebraus. The fact that fishes? probably fetl 
tlie hcHjk very little allowii Imac ^VaJlun to rat in peace and not turn over 
in hb grave. 

S^^nieiimes a part of die body, while retaining a high degree of touch or 
pressurr receptivity, b comparatively non-^iisLtive to paia* us for example 
the inner wall of ihr t licck. li b not ca'^y to localize pain at the exact pfiint 
of ^iimiiLanon. A toothache may seem to mvolvc the entire jaw, or a cinder 
the whnlr eyeball, wiulc lame chest muscles hequetitly are inicrpreted aa 
soiT ]iing»» 

Fortcinarcly many inpiri?^ like wouneb do not result In pain In propor¬ 
tion to their extent. For instance tlie chief pain from ilie ampiiUnon of a 
leg or arm ha> Its arlgin m shr stimijialion caused by cutting the algcsire- 
ccptt)T» located in the skin. The l ottkal cells of titc brain itself arc insensitive 
to mechanical contact. There are no jpedJk ittimuli for pain or li^oiliy-cd 
tcniers in the hraiti for piiinful response alonCj as are known to exist lor die 
senses of sight, hearing, smell and taste. 
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+* Rbcyreccptois 

Certain cuLatieaus sense organs, arranged arc and ihe head and down the 
sides of the bodJea of hshos and aquatic amphibians, arc termed rhenTnep- 
for#, nr WBtCT^-current rcc;cplqr5, which aid the animal in orientation to flaw¬ 
ing water. 

In embryonit development and adult stnieture these organs apptrar to bt 
Triated to the organs of hearing, f mtiier they probably detect vihrauajis in 
die water, Consequendy they arc often classified with the ears as parts of 
die nc6MStic&4ati!Tnt syiirm> 

Primitii'cly a rheorecepior organ, known as a nttiiromast, consists of a 
group of sensory ceUs lying at the surface of the iniegumcnl and accompa¬ 
nied by supportmg crib (Fig. 671), liath sensory cell lias n “hair" project¬ 
ing from its c\-poscd surface and is innervated liy one of the terminal 
hranches of a nerve fiber. 


Cenof WqII 
Hair Call | 

Suppqrtlng Cdf J 
Ncrv^ fTber 

fiR. 671r N'ciufolitaAt from ihr ItiLcruL Jioe of a dogfish. {Aftf 3 r 

JuiirtjtipnO 

Rhccjrfceptcsts tnijrcly aiKcrtt 113 land vrrtcbrates, hut fpjjr 
kinck hftve been re-cogntKtd in fehes and aquatii: ampliibinns, narnrly: 
{I ) bir.ral4mc organs; scattered pit nrguns; [$} atnpiilliie of Lfjrcu- 
7 .nii| and (4} vissicles of SavE. 

Neurennastii of the lGteT/^l4ine organs (end to be arranged m itiws extend¬ 
ing: from one end of the body to the oLhci, In cycli»lpmr£, same br/ny fishes, 
and all aquaile ampliibbrn (iiidudinj^ hm-al stages^ of attiirfins) they rettiain 
at ihe surface of ihe body. Usualty, however* rows of nenromit^ti^ ijink down 
tn form groove^i which then dope over to form eanak embedilcd b the Ain 
hnt with niinic?oti!i fKires opKTiing 10 the fiiiLiidri, lu some irascs, for example 
Chimaera, tfic grcNavcs remain opeOs These cninah have a fairb eonsunt 
arrangement as iwrn In Squalm B72.). The mnai rnns frtm 

the head in the poffterinr end of the body along the fiijrtef edge of the horn 
/ontaf ^pinm which divides epaxia) mumnibturc from hypaxiaL In ilir head 
iTii^on there are ihrec pirs of Inni^itudjiiiiJ c.anab: a iuprtwfbihil above the 
e>c; an ififra^Tbiiof tielfiw the eye; and a hy^mandibutat attending from 
the mfraorbital pt^tcriorlv along ihe upper jaw region. There mav also be 
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A ^all pair of mandibular canob on ihe Uywtr jaw and a supr^^:eT¥^f^arill 
over the top of the head LOtincuting ihc two aidts \mi pwlcrior to the apli-a- 
cJc. The lateral line cajiab auii rhe ^upratcmputal .ttc mnervated by die 
vajTus (Xlh I nerve, except for a snial! part near iheir junction to which dit 
ffhss0pharytigffid (IXth i ncnie goet All the oilier canak are supplied b>' 
the fmild (VUdi) nerve.. 

^caiiered pii or gum arc isolated iieummitsts, each sunk into a separate 
pit. In some hjJie^ certain of these pits may be iirranged in rows which 
occupy tlic aamc po^rtion a groove or canal Ui yaiochcr spede$. 



Ldtfira^IJna Canal 


H^cunandibolar 


Mandibular 


67Z Rlght4Atrn]J virw af tht lalmblinc fyjstrm iif the head of 
SiivatuL fFrom .t/anixti/ Ct}!npatAtijft Asainmy, copyngKl 

f93Bi by ticrmiss^iaa of Tlje Muciriilkiui Ounpjay^ puhlijihcriu]| 


Whenever lateral hns are mi pUred that (hey Would Train rally extend over 
a porticai of die laleral line, or by their nmvrrncnt cause an agitation in (he 
w'aier which w^ould uitedrn: wjih the rtceptioji nf the stmuiltai pTriduccd hy 
external curroit^ of water, (hr part uf thr Uiteraldine canal interfextd with 
may curvi: out of dir way in a detour, thus avoiding iiitcrfrrciice fig, t>73}. 

Various stages of elalKiratioii of the latetid liiir may oci'-ur at Lhe same 
time L[i ihllereiu regiooti uf the same ibhi or at djltcrmt timex in thr course 
of development. The ctil, Angnilta^ for example^ during die early ‘Hepti> 
ccphatiis stage, ^ has only isidatecl pit cu'giijii^ present mi the brad region. 
Voung ftfigrriings develop a hiterai Hnc dosed anteriorly but open pos¬ 
teriorly, whde ihc adult has ihr entire system liisunkcrj and dosed except fof 
craterltke pores along the line. 

Among amphibiaji^ rhrorerrptOjs arc alw'ays present in larval and peren- 
Tiihfanchiate foims^ the lateral line being uimallv represented by* three 
parallel rr^ws of bohitrd dustm, Traci:is of these fftructmes remain m xemt 
hind amphihiam in the ftimi of spts on the ^kin. indicating the former 
locality of sensory elustm which have ehanged in ftinrtitin from rhm 
(Tccplora into tartllr orr^ana* 
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Thc umf^uJIae of Loirar/fiip as weU as the vssirl^3 o( SaL% arc. highly 
rticxiihed pit organa that octuronly hr «:^rtibgrnoii!i fishes. Tliey nre deeply 
sunken hdow the surfaect the former enlargiDg into a bulblikc cavity at the 
Imttum of an elongated dart (Fig, d74), and the Litter becoming cndrrly 
closed oS from the outside. Ehjth .are equipped ai the bottom iATth receptor 
cclK surrounded by abundant nmcu5« and terminating with Jiensoiy hairs. 

The vtsirUs of Jfai.'/ arc found only in the aberrant electric folq Torp^do^ 
where they lie along the outer edge of the clcctrir organ on either side^ and 
around llic border of the tiasal psLi Tliey are supplied by a bratuih oi Lbe 
trigetninoJ | Vih i riervc^ but thdr function ts imkno^vu. 



Hr- 673L A telctKt -Vo/OiffWa!, 
ilii^iviiig a kink in ihc Uienil liaei 
vrhkh thus may euijcucs pm- 

diictd In the water hy iiuKv^Qieuti of 
ihr pecluiut Jidl [After Qoodc nnd 
Brnii.) 
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Tlie presence of abundant mucus in the laicraldine system and related 
pit organn led formedy lo the idea that these organs were glandular and 
primarily sccrrtqry m functicriij btit the dbeomy by Ley dig iti I85b that 
they haw a sensory rather than a rnoior nerve supply placed them definitely 
in the category of sense organs. Subsequent experimentatioii on fishes^ by 
cutting different nerve siipplicsi, sht^wed that these sense cugam mate tlir 
animal receptive to ccjarfir vibrations agitating the axirnrundiug medium, as 
well as lo Ihc sustiiined impact of water in Ihe form of rurrents. By means 
of sm h organs the Ii$h is enabled to face ogaiuisl the water flow, even in 
ilarktiess or in turbid waters wdsm no "landmarks" are \‘i3iblc, and so to 
maintain ttji posidoit wilbont being coustaiiily carried down-^rtani^ or away 
w'ith flowing tides and cutreuLs. 

Rheoreceptnrs no doubt also help in making a fish aware of the approach 
of rnrmics which agitate the wsUrr by scumming movements^ producing 
tow' vibrations thai act as warning stimuli. 
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IV. CH£L\nCAL SENSE OkC/\N5 

The clicmical giiniiilaliou of taite njni imeli is brought aboui by eontact 
with solutions of various siihstanLrs. Liquids arc tasted and gases arc HmeJkd. 
In order to taste a solid objra it must first be reducril to liquid form. Even 
guscs must be dissulvcd in a liquid before they can be smelied, since the deli¬ 
cate terminal hairs of olfactory receptors are cllcctive only wlicn suirouiidcd 

by a lipfjid film and by mucus or water in which odoriferous eases may he 

received. 

The two sensations wliieh we call smell and tast(! are sensed by at least 
tm or a do'/cn dilTereiit kinds of receptors, each adequate for a particular 
Jislmct kind of 9i| jmii]ii§. 

Both of the f;Toui» of chemical reteptoi> for tasting and for smelling are 
primarily located, like John Bunyarra lions before the gates of the Palace 
Beautiful, near U.c entrance of die digestive imct, where they pass upon the 
character of the entering food. While the nasnl and rauulh cavntiB in which 
ihrae chemical rceeptufs are for the m<«t part located are not acmallv op the 
outside of die lyMlv, they are tit«rtheltss integumentary mvaginations and 
sOf fundaincrnlallyj n pnri tif the cuiancous s\'Stcjn, 

Tasting is necessarily always a matter nf direct contact, but snidling, 
which makes an animal aware of odorous siihatances even at some distance 
away, has ti,i- wider range, since it series not only as a food tensor, hut also 
directs locomotion in the qual for food, as well as locahVing the prcMtuce of 
other anir^s. It plays a particularly important roic in sr^ual allurenicfil, 

especially in mammals whose glandular akin sends fonh many charatteristic 
odors. 

Response to chemical sijmult in some of the simplest animals b not asso- 
ctated with definite trcepims. Par example, the chemtcal receptivity of 
Paramtaum is confined m the anterior end of the bodv, while in Stentor 
Jt IS diffused over the entire outside of the Imdv. The sensitivity of sea- 
iujfmtmijs to chemical stimuli is Jimiied to the tentacles, while the outside of 
the coluniuar body is unre^pouMvc to chcmicaJ sthmiU but responsive to 
niechamcal contact, ^ 

t. Otfaetoreccplon 

Moth eoUcetore know that when a female moth is confined to a wire 
cage at night, males rnmc fram considrrabie disiancns and can easily be 
raptured while fliittcTing around the cage, attraaid bv ar. odo- scaredv 
percrptible to n^ that emanates from the body of the imprisoned frmak^ 
Ihe antennae of the males m This case bear the receptons of smell. 
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rhcra are antennal racepions for at least Uirce differ^ kinds of chani- 
cal stimuli alsu that liavc been clrmonmniilcd in ccitain ants. Tbe presence 
ciicQucs, Of anti from foteign colonics, is detected, receptors Jocated on 
the fnh and 7th joints of the antennae. Nest niatrs Jiaving die same odorifer- 
mis password are rccogni/cd by receptors on the Blh and Sth antennal join«. 
while the odor of the nest itself is rcgistcitd by receptors on the I'^th joint, 
Olfactorcccptore of vertebrates are definite ntnroris which, although 
niorplioiogicaUy simple and undifitTcndaied, have become phjsioiogieaily 
liiv^r^cd sti that they art adequate for a considerable variety of different 
chemical stimuli. 

The evcilution of the olfactory apparatus in -vertebrates shows »i to have 
Ix'tn originally a primarj- seime of firai Importance tfmt has gradually been 
rrpiacxrd in the course of phylogicny by otlier reerptofs. In the lotvcr vtrto 
bmtes the tj]fai:tor>' centers overshadow all the test of tiic: brain. Such ani¬ 
mals live in an olfactory world. It is apparent that the earliest crawling land 
animala, snuilllng around dose to the gnjund among fcnia and dub mosses 
and other rank vegetation, had much lea m-ic for eyes than for an ollactoiy 
.ipparaius. Later oil, with increasing cmandpation from lowly ground life, 
und with the rise and dominance of the major senses of sight and hearing, 
tlic olfactory mtik has taken more and more to the background, until, in 
the rase of mankind, the aense of anicll may be sacrificed with less mcon- 
V'tuilence and regret than any other. It still playj a role in appetite and senii- 
meuL, however, aJthcFUgh human c.xpericncc and memory dwell upcjn sights 
^d Sounds rather than smells. 

Odors,—In the open air odors, or volatile substances, though rarely 
emanating in all directions equally as sound and %ht tend to do, are par¬ 
ticularly influenced by air currents that may be present. Tlie farther away 
odorous gases are from the pfrlnt of release, the more diluted they become 
and the more slowl-i' they dispeiw (Stephan's Lawj. Neverthelcs extremely 
minute quantities of certain odors are perceptible at considerable distances 
from Lite if origin, as every bloodhound attests. 

AUison and Katz, in the Journai for Industnal £Fjgjiieeri‘ag for 1919, 
a xable in mi Hi grama of minimum concentrations of -various chemical 
suhstances that are perceptible to man m a IHcr of .ilr. The quantity of 
chloroform is given as 3.3; iodoform, 0.018: propyl-mercaptan, O.OOfi; and 
artifielal musk, which b by far the "SmrJlicst'* known substance that was 
tested, 0,00004 niJlIlgrams. No one of the above tested substances is cnenun- 
lered freely in nature, 

The dilTusian of odorous substancra through w-aicr is very much slower 
Oian through air, -yet in spite of thb fact sharks are known to be able to 
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iliscoitTr a <Je^d body at confijderable disLira'c iv a rcmarbiyy &hnTt tintti 
aidiauf^ when cotton is stuffed into the mi^al of a diorkt it h unable to 
locate odorous food rcadil - even in die inunediatc neighborhood. 

].and amphihjans,fc rrpij^c^ and camivoro^i* biids such as the vulruie 
depend mtifc upun the sight of mn^hig prey than upon the sense of smell in 
finding ioou. I'herc is a great variation among mammals- Rodents^ rumi¬ 
nants, and r^amivorcs^ all of wliieh have a highly dn eloped olfactory senrse, 
are staid to marr^xrnernV* Many mammals, man for example, are rmVr^rj- 
that is, poor '"smellers.” lithe rs are anas malic ^ without atiy sense of 
micll at all, like cetaceaitSp w'hose iiostiils have bmi readjusted into a pert- 
sccjpic position and arc mtirely devoted to rexpimtary' tiscs. 

Most evil smeJImg things are bad or poisuiious, but not invariably so, 
Clarlxifk rnonQ:.^de gives nut no ciLmhjry warning although very poi^lUu^:. 
while certam famous cheeses, which me decidedly repulsive ia odor, ^ not 
only iion-poisi>noiJs but highly mitritious and beneliclal. 

Thr aUempt to classify iliflcrtnt udorEi objectively has not been vny* 
lucrrsKfijl, altlniiigh The existence of scvcnil Bpcdfically diffemit kinds of 
olfactory rcceptore, adequate only for certain odurs, h quite likely^ Henning 
in 191B prcjposed sis different arbitrary categories of odnis upon their 
rescmblmnre to wcll-kncjwn olfactory staiidafds;^ naindyp foul, Qowcrv\ fruhy, 
bunitj spicy, and rainoLisc 

(A) Simiftuix.—Since smell, as contrasted with has a much wider 
functional range^ there Is a greater elabaratioo of accessory slructirrcs in the 
olfaetjory appanilus than is necfisary whh organs of taste, ^fhcrc are not ntdy 

the olfactory ncumns, hut also skeletal cap?Je? 
and cavities in which they arc housi-.d; ^‘arious 
supplementary chambers or miuges enjmerting 
w'ith tile olfactuiy carilics^ dcvoices for securing 
the passage of udoroits substances armss the 
receptors; and glands for maintaining a eoiistant 
film of moisture over the exposed ends of the 
olfact I HTCc pt ars. 

The ulfaciory apparatus is^ the meet anterior 
of all the setiic organs. In man it appears fim -ts 
a pair nf eciodemial thickenings^ which lie jiisr 
hi front of ihe dc\Tloping medullary plate. Bv 
thr third week of fetal existence tJiey have be¬ 
come depressed into two nasal pics w'bith are in dose approximation to 
ihe cdfaaury lobes of tfie brakt^ and are bmught into cornmiinicatiun 
with the mouth cavity, both ontogenctirally and phylQigcnciii:allv.i by a 



T'bf, 675. Ventral virw gf 
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LihLil grtjijvu, (After Schitn- 
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I hannel, the nara-labial groove (1%. 675), extending from the edge of each 
pit to the niouUu 

In some fedira aiiij amphihian^ the nai^al passagies ^je formed by the 
fusion of the edges of the iiaso-lablul grooves. In man, hovvcvrr, the groovea 
fill In complddy, the nasal pits push in considcrahiy deeper^ and from the 
[XfciiierioT ends of the pits secondary Ripenings break through into the month 
cavity. This process b completed by the aid of the fifth fetal month, Fnijnn; 
of the proper dosnre td the naso-luhial groove rcsulis in the cicfomiity 
known as ^'harc-^lip” (FLg, 676) ^ although ^hark4ip would lie a more apprch 
priatc term, since the cleft in the iippcr lip is nut a single one in the lulddk 
as in ha to but on either side as in ^sharks and otlier elastnobranchs^ 



Koio-Lxibial 
Sulcui 
Mcicillo 
Mandible 
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- E^tATtial Hath 
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Iniw Ntnal P/oc«u 


Fiff. £176. ItrEid of a cMefc. emljryo of 5J4 silwwing tW tusodistinU 
smJcu$^ which \iviild St^tm a *'lipre-lip^ If it rettmiicd apen.. (After 
DuviiL) 


The enlarged nasal cavity finally becomes differentmted Into three 
regions, mundy, vTstihidar, rapiraioTVy and oMartaryf di^tingiiiahahk from 
each other by the character of die epithelium linmg them. 

The restihular region is tnuisiLional betwern the Jikin on the outside and 
The nmcotis menibiMc within^ It is dmiacttrized in mamniats by the pres^ 
cnee of stbaceoiis glands and by stiff ouiwurd-projectiTig^ dust-airesdng 
hairs, and forms that part of the nasal cavity which k prindpaQy under the 
prniection of the projecting roof-Iikc cnrtilaginauf^ dements of the esetemai 
^osc, when such a stmctiire k present, as In man* 

Snouts have httlc lo dn with the ulfa^!tDry tense but are rather as»:H:iated 
with the tartite sense in nocturnal and Imrrowmg forms, wh3e in animals 
hke pigs which “mot for a living 3 ” they are mechanieat organs of the firM 
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cirdtr, £trcngdM!nc<l $cimctimrs bj" ralcified cartilage, iTie trunk <}f im elr- 
phant, which ia a combiiiation c>f a long drawn-out nose and upper lip 

grovvTi together, continues (o perform thr 
priman' olfactory function^ even though 
traniifturned into a grasping organ. 

"Hic r^spfTat<ny region of the nasal 
chamber, the most cTctcnswe part of thr 
olfactory raeclianism!, provider A pkee for 
the passage of air to and from the lungs. 
It has l>ccn described m Chapter XIIIik 
T hr so-called olf/irtory regian is llir 
innemiost recess on either dde of the: 
nasal cavity (Fig. 677 ). fn man it h 
coniparativdy small, tlie olfdeiory metn- 
brane being dbtingwishable by Its yellow- 
bh brown pigmentatloD. Allhough tlic 
uac tif the pigment hiu'e h not definitely 
known^, ii ha* been dcnioiiatrated that 
albinos which lack k have a defective 
jeii« of smell. 


Fig. fi77. Dfagrdtti ilutwing ihr re¬ 
lent flitd pcwiilicm df I hr ulfartoiy 
mrmljninc in lUEin. Hm nasii] leptum 

b repmriurd « on along h$ 
UiwzT mapuR anri iKimg up^'and. 
(After will DfitimJ 


The rrlhilar units of the olfacloiy epltheliiiTii are of thice khitb, umnely, 
ausicniacttbr, ba^a!^ and sensory* The numerous ^^ells are long 

slender supporting elcnients ca^tending ihiciigh the mtirc thickness of the 



Fifi, 67fL Evoluiian of nriin^ni. \ prunAjy- laur cull from 

ojfjctnry fnrmbrntir: b. free Jicirve rndiuga in cpiihr!]liuii, ivith oueleiif 
of rrrrptnr nrurnii wiilidrawn from stirfacr; c, te^aiHliry eellj 

im^rLilrd wilh novr mdings. 
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iiienibrane. Between Lheir slender Inner ends are the basal cells^ The sensr}T}\ 
or cells nre evenly distributed between the mpporting cdh* Each 

olfactory cell consists u! a nucltar region from which a cylindrical prtacess, 
I nniparable to a dendrite, extends to the sntfiice when: it terminates in sev¬ 
eral rxtrrmely delicate hair-tike proccacs (l**ig- fi7R]f^ the opposite end 

of the reif a slender neurite^ covered by iieurolemma bni no myelin sheath, 
rima to the olfactory bulb of the brain. Many of tJiesc ncuritcs together con-^ 
stituie the olfactory nmx* as described in the preceding chapter. 

(rj AcX’C5S(>iry Parts,—^The circuiaiioit csl water* containing dbsulvrd 
aeniss the olfactory ^^urf^lce in the ph of fbhea, h crimed Jargely 
hy the presence of ciiin^ In clasniobranch* it is faciliLited by 4 ciimng pard- 
iTod wiikh partially subdivides each pit into In- 
luke and outgo regions. Tins divUion is carried 
fiirTher in many tclcost frshes, as^ for exam pie, in 
the conger cch Afurn^na TFlg* fi79 in thal each 
tMiiffmal narU liaA Ijccitmc fimibk% thtijv pTrsmt- 
ingj instead of the two usual nasal opening, fcjur 
chimney-!ike nostrils on Uie head, none of which 
penrtnitt^ to ihc mouih cavity. 

With the t^tablishmcnt of the rhoanae and 
the tmn^fer of ah through the nasal eaviticriT a 
I’jvftcni of vale's, and mus clta . l>ecfjnio clahnfarrd 
ill connection with nasal ^critilation. [See Cliap- 
icr XTU, Respiration, j 

t be remote iituatiofi of the olfarmry mem- 
hnijie above the respirator)- pa&sage-way makes 
it posiblc onlinaril) to brealiie air without stimulating ili,c olfactorttrplorc 
to ai*y great cxlentj when odortsuA suhuatic^ are abimt^ iintess air 
ifr^wn in vigorously uvet the upper olfactory route* as In 

.\jiimids primarily aquatic, such as fishes and amphibians, have the 
cilfaiiory rnemhnine spreading over the: attire nasal ca% Ity, but a differentia- 
tifm into vcstibijlo-rcspiratory and olfactory rcgitnisis found in ylrd:ireathing 
aintiiDies, Luegirining with the reptiles. In iUiirnnk Hccotidarily aquatic^ like 
wals and possibly w^h.ilCT, which have Lirge!) tost the olfactorj’ epithelium, 
the nasal ca\ities become entirely resfuratorv in character, 

Supplementing glands in ihe nawil passages that to pfoAidc an ade¬ 
quate degree of moisture art the lacrimal glands, the ducca of which :ii thr 
inner an^jles of the eyes constanUy drain down into the tiaAal chambers. Th^^ 
noaal flow of excess tears h pari tctilariy well demonstmted by a sniffling child 
rmrr]Ering from an emotional crisis that results in weeping. 



Fi(c. fiTtt, InJiiej^T Dutltnr cpf 
the head nf a fuh, 

pmjccfjug riibinlar in€i?4-^ 
iriU thai apm iiiio 4 rnm- 
trtoii ckuinbcr liut not frith 
the tiioudi cavity. ^After 
tVtcdcriheim.) 
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(J) EvoEutioii.—The dcvelopmeni of ihe nasal in mEui finds u 

parnUcL in the cvoluiion of thtse stroctujcs in the ^icficbraU: series^ 

In genend fishes have olfactory pits that ate not extending 

down into the moinh cavity. The nasaJ pits cd clasmohranchs, however^ 
whJtih are nn the ventral sidt uf the snout ocii far from the mouthp may ton- 
nect with it by Tni=ans of open naso-hibbi grot^ves (Fig. 675). 

Id dipnoam and more completely in ampliibians the grooves of the pits 
bctcitne thus estalilishing, in addition lo enitrrnid or nasal open- 

iiiiTs, a pair of internal nareSp or r (Fig. 251), 

^Viih the ilrvrloptnr.til in tcptiltJaof a ^'hntd piilaLt,^^ or secondary roof of 
the mouth, the passage-way between the extemui and inieTiuil narct becomes 
much dungated. With a choanal opening into the mouth it is possible to 
receit.ic olfactor)^ stinniU from the outside world, not only through the front 
door of the esierrud nar» but also by vray of tlir bacit dour of Ihc choaniiei 
by means of food substances taLeu into the oral cavity* 



Ndiol Cavity 
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Ftg^ CfMK Ctom lecri^n ttitnugh the hrari d a IKrarfl, a^Hi^ 

With thr Siwvrf jii:w rrmti^TtL Jatoliflyii'i orgnu h Uwwu ^ipfuing itUO tbe 
mouth cavity. fAha SdiUiikewitsdtuJ 


Animals that hold food in the mouth hav-e an acccssoiv' stmeture, Jsi'pb* 
jTflrtV orgun. which was first described in ISI I* It k a cav-iiy deriveii embry- 
otiiciilly the olfacuir)- r^v\ty and is lined with tdfactury cpitheliiirti that 
k applied by twigs from iht nlfactoiy (1st J nerve and the mgcminal fVih) 
nerve- In position it is vctiiro-niddial to the nasal cavity cm eitiicr side. 
Reaching im highest dcvda|immi m the Mia&e^ and lizards (Fig. fiflOh tl 
ifi rediited in initles and atwodiles and appears only m an embry onic strut- 
turc in birds. Ii is prcjsenL in ampltibinns although fini opening into liic 
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mouth cavity. iMammals ^how* traces of Ja.cobsnii*5 organ i:rribrjiOiikaUy, but 
in moEi insUincts it is a dcgcnoraic struct m best mEiiifesuiEiuti bein^ in 
marsupiah^ ituicctivores. and rodents. It is entirdy ab^^tit in 
Vkbalcs^ baU, and Old ^Vorld niutikr^'s. 'Flitf liistury of Jacobwn^s or^n hi 
Ilian is wholly iiitra-utenne. AriBing at the bcgirmini^ of the third monih as 
iiuiall ciutpocLetings of epitheliuni in the lower piirl cjf the nasal septurti, it 
a slender blind sac oa dthcr reacliing its greatest etalxEratkiD at 
.tboul the lifth raojittL Before birth il becomes eiitirdy reduced. ThisstruC'^ 
ture, which Kingsley rtfrrs to as ‘'a kiml of an oiractory organ/' pmhably 
sen i?s as an actessory' olfactory apparatus for toting odomiiS substances held 
in the month. 

The enJargcmcnt of surfaces for the cKpcmjrt of epkhdium within the 
nasal chambers is broiighc about in three w ays: by the folding of the mueoxui 
membranr; by sinuses in cornmunicatuin with the main nasal cavities; and 


"n^ErrtHi^l K^Utbi, 
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in canrAfuj, or ^keleial shdfJikc extemiems of the nasal w'ahs, 

'I*he nicdiod of membranous duplication h comfiion among fishiTs. The 
mucous lining of the nsusal pits of die dogfish^ for example, tM:ars □ dbtant 
rorcmblance to the Ica^'es nf a book because of its numemus Folds^ Sucli a 
device would not be cflectlve out of water^ for 
the folds would lend to adhere tnguthcr when 
not kept separate by immetsion in an ^queouji 
niediinn. 

Reptiles have a single unrtdled toncha^ or 
projection from the cctcfJunoidal wall of the 
chamber on cither &ide«^ tvhlch is slight in 
till ties, but of coosidcmblc sb£e m crocodiled and 
alligators 

Tile nasal chamber of birds is rampresed, in 
aicnrdance witli the general policy of compact¬ 
ness that charactenzf^ avian smatoniy* sur¬ 
faces arc cumpensatingly int-reaBccb Itowever^ by 
the preMTiure of ibrcc tonchae on cither Jtide* the 
most anterior of which is located in die vcstibulo-respiratory region, while 
I he sjnalitT middle and posterior oiiev that ia!rrv“c supporting founebtLon 
ff^r the olfactory mcmhrtinc^ are no doubt iihirfly uf value in ^pplving a 
mcH5rture-producing J^urface for the rapiratofy mechanism. 

Conchac reach their greatest eLdxiration In manimak, particularlv un^ 
giibtts, rudciitSj and carnivores^ ofitn breoming mllcd like a ti'mll, thus 
presenting a maxhtium surface within a mmljmun ?ipacc fFig. bBI ), The 
iiaiial Sparc in a sheep is larger than the bndn cavity. In man, wliosc sense 
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of smell ifi much infiTTiof to that of a truffle-lLiintmg pig, corich^c 
smallf^r iii shttr 4111 I rrduted, in huitiIkt to dircc (Fig. 677)# 

2 , Gtisiorcccptons 

Just an the <±emkal jseiinc ol Jimrll is located witli.spedal rrference to the 
ciitratifr iif the rfspiratory passages, so the of taste acts as a sentinel at 
the pc^nal of the digristwc tubc^ inspecting all subsLaiict^ ihat enter thcrc^ 



Ftjf, 683, Cutaneous jrarmtorv bmnehea of iht facial nerve of Jm^iitnuL 
(After ilcTTickj 

(ii) Taste BiKk-—Gustorcceptoi^ are composed of rhistera of cdls called 
taste buds, whkh follow liic $ame plan throughout die wtehrate scries^ dif- 
fermg ill the varjoua group principally in their airangeiiictit with relation 
to different kinds of pafidlue. as wdl as in then distributioiL 

The parent tksue that gives rise to tarte 
buds h ectodermal In derivation. Id tnany 
fisbesr such a? rarpt itirklehacks* Mickers* 
and cathsiies, the abilitv to taste h not cote- 
fined til the mouth cavity, hut eRtmds fivei 
the entire ectodermal coveiing of the bod>f 
even far as the tail (Fig* 602)# 'Phese 
external taste buds are supplied by the 
facial nerve, Widt rfnergtttce from water 
to land, guitoixccplors are withdrawn to 
the mohft enviremment of the mouth cavity which is tlie logical place for 
encountering food solutions. 

A typkjil taste bud \ F\g. ) cmisvits of a cnmpact gmup of receptesJ^ 
and sustcntacular cells, the former of which are in contact with free nenT 
endings from cri^ial nervrs. Each sensory receptor cell, which b slender and 
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^Imigate, termiaate* periplieraliy in a dfiicate praloplaBiDJC which 

tfxtends from the bud tfa rough ihc taite 

Taste buds art inucr^'atctl by the faciaJ (Vllth)* glossopharyngeal 
ilXth), artii %^guft (XUtJ iTic facial supplier ihe anttriur part i>f 

the mmith cavity, inLhidiitg th* anterior two-thirds of the taiigut with its 
fungiform papillae in nianimals. The glossopharyngeal suppbes the posterior 
part <J the itiutiili casity* mr hrHin g the poftlcrinr third oF the tf>ngiie with ibi 
vallate and foliate papillae in Tiiamnialis+ The vagm supplies the pharynx^ 
including the taste birds of the cpighutk in maninials. 

Although taste buds ixrcur in various parts uf the mucous membrane of 
die rnoiith and pharynx^ they are especially abundant on the papillae of the 
tongue Fig- 237 K 

( b } Cniuparaiive .Vnatomy.—Amphinxus has cellular structures that 
resemble taste buds upon the cirri around the mouth, but ihdr function & 
unknown. 

The sense of taster in fislies is, as already pointed nnt^ much more general¬ 
ized than in Uml foimn* the gustorcccptoni extending over the outside of 
the body where itiey appear more as free endings than as Ustr huds. 

Not much is known of ihesciiiff of taste in amplubiajt.% hut therse animab 
do possess nerv^e endings in the skin that serve as chemical irrltoreceptoi^. 
Tliey have groups of cutaneous edb afeo wiilth are probably more tactile 
than chemical m fimcikin. \^Tiatrver s^nse organs may \w found in the 
amphibian tnnuLli have slight oppontinJty to be of gustatory ser\ice, since 
thr food ia swallowed at once without bring Iteld hi the mouLh. 

In reptiles, particularly trocodilo and snakes, taj^c buds aar located in 
the posterior pari of the mouth cavityv which is Iras comified than the ante¬ 
rior part* 

Taste buck arc present but scarce m the hird^s mouiJit and arc Ukwisc 
situated pofllcriorly instead of on lingual papillae as in manimab. The 
majority of birds with small cirmified tongues have most of thr iastr buds m 
the Hoof of the mouthy whik birds like parrots, with large (Icshy tongues, 
give lodgment to the gustatory organs on the longue itself, or along the sides 
of the maxillary^ half of the beak. 

Taste buds reach their greatest development in mammals, such nint!- 
nants^ that have spcdalijcd grinding molarx and retain forage within iht 
mouth cavity for a prolonged period before consigning it to die atjsorpiivc 
part of the digcstivt: traci. The taste buds are nnt confined solely to thr 
tongue, but arc found also on the ventral surface td the soft palatr. oo the 
rpigUsttis, on ihe pharyngeal wall^ and eii'eu on the inside [nirfaccs of the 
thccks. 
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Thr Riimbrr of tastt buci^ to each vallate papilla variEs greatly in dif- 
jfctirnl maidiLLMiis. He£6c has tsdioaitd ikiil sheep have 4H0* cerw?, I 76(1; anti 
A CDW, ha^TEig; about 2D papillae, would Luri^Ejurjiitty 
approximately taste buds^ while a giralle^ w^hich is known to ha\e 

o^tT 30 papillin!!| would prtdiably prove to lie still rnoro gefierously endowed* 
htahr lias tuade tlic iriterE^siin^ observ^ation that taste buds on the ton^ic 
ill the domesdeated white mt are considerably mluced m number ^ com- 
paied with tliosc of the wild rat that works for a h^ ingp^ 

In man there la an ova! area on the dorsal surface of the tonj^ue tha[ Is 
free from taste buds^ asis abo die under sude of ilie tongue {I'i^- fdHVr "lliat 
the sense of taste in man b degeiicratliiy b proved not only by the fact that 
taste buds are more widely disirihutcd dtirhig the fifth to the sc\ etidi inonths 
of fetal life than m the adults hut also by the fact that the iimcr suifacr?^ of 
tlic idieeLa respond to laste far mnix keenly in duldren than in older pciwns- 
(r) CriassiftcatioiL^—^rhe suhjectK'C cIOAsilicatloii of gnsminry^ setuiaLions 
Into pleaiiantp unpleasant^ inddTcrenl, or ali^scnt b better replaced hy an 
objective gtouping acuirding to the types of gustatory stimuli. Four surh 
categories may be accepted as demomitrable, namely^ salty, sour, and 

bitter. lutergrades prnbahly occurs and 
there Is no doubt that remfusion often 
results, particularly with olfactorv^ and 
tactile stimuli* Thu^ w-hen one speaks nf 
a ^^sdiemy^^ or a ‘^gritty’* taste, he is rc^ 
ferring in reality to tactdc stfiUidation, 
while the so-called “taste*’ of imioms 
wine, cnffccp tobacco, tea. fruitK, and 
spices is largely a matter of olfactory 
tthtmlaiicHi. Afoni '‘flavors** which arc 
commutily associated with the sense of 
tOBie arise largely from olfaaory stimuli, 
as i* realized when with a “head coJd:“ 
the swollen thucous membranes largely 
Occlude ilje choanal passages and food 
"loica its taste.” 

Ahhmigh ifidistinguishabJc from each 
other histologicflll\\ there are specific pustenn^eptors, adequate fur enii of 
the fniir kinds of stimuli jml meniinncd, i^iiicen upon apjjHcation of cocaine 
(.0 the .ongue the seme of bitter disappears first, then those of sweet, ^hy, 
and Mjur in succesa^ou- 

Thc dJptrihntiLai of the four kinds ai recepuus over the surf are of the 
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tiomati toogoc h;is be™ carefoUy mapped (Fig, 684). Thus d^aonstniting 
ihai ihc receptors of gustation arc different. It will tac seen that soor rceep- 
(DTs prediiimifiatc along Ihc edge of the tongue; saity^ both at the tip and a' 
the sides; biiter^ at the base; and sweety at the tip. 

Extensive tests by filokeslce and others with phcnyl-thiocarbanjide, a 
hiimilcEs substance which tastes bluer to nifjtjil people, meal due fact thal 
oJ) human beings are fH>t equipped with the same array of gnstoirceptors;. 
Otii of 2550 individuals tested in one series of experiment* 65+5 per eenl 
repotted dir substance as bitter: 28.0 per ceni^ tasteles; 2.3 per cent, sonr; 
and 4-2 p^r emu some other taste. It is obvious that alJ people do noi inter¬ 
pret the some chrmital world the some way. because of a difference in their 
gustorecepUit*^ 

3^ Irriturcccptors 

The mobi stin of amphibians and Hshes Is sensitive to certain chemical 
stimuil that act as InitanTs. in reptiles^ birds, and rnammab^ whoee mLcgu- 
meiii k adapted to conditions in dry air. the produretl by common 

I'hrrnieal iiritatjon aside from thal mtcrprclcil as or smell is cunhiied 
mostly TO moist inucous fimf accs« Here ii may be very noticcitble* as when a 
whiff of ammonia cauxr* "watering of the or choking rcilexri. llicse 
artsthnuJi transfcfirrd to |hc brain by the pathway of the fifth rranial tierv'Cp 
instead of tJie fust, and the receptors may properly he lemicd irritorcceptors 
ratlier than uJIactoreceptois, 

irritorcceptors arc closely related to thcesc of contact and pain, bib arr 
De\'erthcli:fls distinct from Uirm, as is demonstrated by the fact dmt cocaine 
differentiates them frrsm ciich otherf and abo btcaiint they do not iiccome 
aimukancously exhaustt^d upon rapidly repeated sthmilstion, Parker has 
shnwn that iJic tad of aniphioKUs^ for Instance^ after it nn longer frspondx 
lu Ihc applkation of Tveak nitric itcid, is siilJ fully responsive to the touch of 
a comprs-hair brush. Cole has also demonstrated that a frog, imaesthctized 
iw' a one per cent solution of cocaliie to the point at which it is entirelv 
ubljvioii!j to the medmiiical Ntimnlation id pinching or scratching, will still 
foipond vigoroiislv to the appUcadon of a salt solution, 

""Wc arc, therefore, entirely junified,'' fay$ Parker, ‘^in cumiudtng that 
ihc cornmnn chcmiral mise h a true sense with an friiptiTtant of leceptors 
and a sensatifm quality entirely its own/* 

Bv experiments uf elimination it ha# been shown that imtoreccpioui arc 
frtr nmic endings \rith spina! or cranial roimectJons^ w^hoMr dbiribiitJun is 
confined to the skin of aqitaiir vcrtcbriites. or to the moist tutatieom surfaces 
of Land himw. 


Bmh^* of the VerUbrate^^ 


7^4 

V. GRA^Tn^ ORGANS 

1 * Equilibmuii 

Alihoiigb equilibration and hcarmg^ are two quite distinct functicms^ [he 
sensic urgsim concerned have mutib iii common in vertebrates and arc often 
described statih^idfU^Uc orgaiu^ The Eanie is not true of invcrtebnitcs gen¬ 
erally^ since in them the sctisc organs regukiting rquilibrium, when presen 
are dkunet and independent of those receiving sound waves, 

I'he function of equilibrium is nooecr^sar)' and absent in planl-like sta¬ 
tionary animals^ like hydro ids and corals I hot remum attached in diic 
portion* although stationary plants pt^ssesa dcTi'iccs which arc comparable to 
gravity receptots, enabling stems and roots to a^umc a portion, pof-itivc ar 
negative, with refcnmcc to tlic center of the cartli* 

Thib response, not fundamentally different from equilibiatinn 

hi moving animals, that main tain their iKidie? by their twn. efforts! in various 
positiotii mih rrference to gravity. Geolaxis b hmught about by the arr;inge- 
ment of the compnnem parts within the responsiv'c cells, the heavier parts 
^Vttliiig'^ tu the bottom of the growing grotaclic tclb, thereby orienting 
them. 

There are three general types of equilibrium, namely^ nidlftcient, ptahle^ 
and labile^ 

indiff^trnt njmitbnum is uncommon and involves no specLfic rccrpiors. 
It may be sjceti^ for rsamplr* m the hidjti7oan5+ whicli are jfphrrical micro¬ 
scopic pr<iio2oans that hang suspended any side op withtmt coutart witli 
solid objeeia, and aLw irt thr grecii globuhir mlonics of VoIvqx^ which mil 
alxHit in pond w^ier without defiuitc orfcntatlon to gravity. 

Stable c^utfibrium, that likevi'isc not de|ieiident upon special seti&e 
organs, applies not only tn inert funns hut also to living bodies, such as 
a flunmler that coma lo rest on one side, like xi bkyck laid flat upnn the 
ground, tn this case ilir pull of gravity' allows ilic animal to come to test 
without imlividufll rauscular effort. 

When, howfver. the center nf ^lity is too lo allow twlandng with¬ 
out muscular efTon. like a dog '‘standing on .lU fours;' or a maa balanced 
upon two legs, tJiell htbilg ^^jilibnum is demonstrated. 

This latter type mvolves biolofdcal factors wiihk) lire Iioriv, wel] as the 
physical pul! of gra^tv Irum without, for niit only must a tension bt main¬ 
tained between opp^g musdrA to ptT\'cni collapse, but a coordinatiiii’ 
ncn-oiis apparatus, Includinfr sense receptoTs, Is alwi niTnear)' to medial r 

beiw'ccn the body of an orgatusm and the envirotimental settlnii in which it 
Finch iijieir. 
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2. Siauirecepton 

Id lower freoswimmlng iiitirmils the seme organs of rqinlibriimt ainc 
usually stiUoft!i:€f^tori of some sort^ depending for iheir act bn upon differ¬ 
ences in the pri:sskire of a eompanittvely he^\j secreted mass, thr jiutoUth, 
which is brought into contact with sorrotmding sensory rreeptot celb when- 
ever there is a change in the piiskioii of the body* 

Around die margin of a flciaikig jellyfish at the base of the teiitacles that 
hang like a fringe from the of the there mny be arranged a row 

of stiili>cysis^ each consbting of a hollow cham¬ 
ber hned with sensitive cclh and containing a 
pendulous *^c.lapper/* which is made heavy by 
the dcpotitHon of limy E^iln* in iu etui (Tig- 
Wbenct^er these fragile medmac in die 
coui'se of their aimless voyagings upon the 
jHjrface of the ocean are tipped up at an un¬ 
usual angle b> the force of the waves or by 
any other outside agency» the dny loaded 
dappers within the staiocv^ts swing over and 
blimp the sensory cells that are im one par- 
dcLiJar siflct ’^hii tiie result that the JedySsh rights Itsdf sufficiciidy Ut brina 
the sw^ingiiii; clappera t<p a standstill, thus restoring equilibrium. 

If the 3 ta[oc)' 5 is half w^ay around the margin of a jVilyfeh air carrfuUy 
dissected off or destroyed in any way, the animal is no longer able to right 
(Lvrlf^ but floats about in art uiinatural attitude in the water. Anyone who 
hiLs ever heard the clang of a belhhiioy and seen it rock back and forth w bcti 
die surrourttling water bt agitated can undcretand perfectly the way the 
statoreccjjtnrs of jellyfishes operate.. 

Kquilibraiory mcdiantEfnis, presenting various tnridificatioiis embodying 
this fundamental Idea, ocimr buLh in frcc-swimming coclcnteratcs and 
arthropock( as well as in vitrintis utlicr inveriehraies. 

Among vmebrares the function of cquilibniiion is arromplbihed rint so 
much by static organs alotie, as through the ccopmuiort of several sense 
organs^ primarily devoted to tithcr purposes. 

Thus a mall maintains his upright posture without collapsing through 
the iuLeractiori of (1) tangojeerptors upon the soles of the feet that are in 
rnntacE with tlie ground^ acting as thigmotaetic pressure organs 1 (2) the 
srose of righU which Informs and reassures him of his relatitm to his stir- 
tnimdings; f 3\ the propriot:cptjve ^*niuscle sensethat attcruls to the proper 
tension of the opposing mitsrles^ and finally (4 j nerve ciidhigs from thr 
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acoustic (Vlllih) ncnTt ccuiriccunjf vnth tbc scmicHcuIar carmla of the 
cais, which ha\x a graviiy luncilon much tike iku of tiie is1atorecepit«s of 
the mvcTtcbratcs. 

If for any reason any our of thtsc four factors is W'ithdrawn, equilibitvim 
is cither upset or mamtaiiied witli difficulty, as anyone may observe by 
waichiiJR a ytiimg chilij that is Irarnmg to navigate a topplli^f body upon 
wnhbly kgs. 



3, Semicircular Canals 

TTie semicircular canaU arc enibryologicalty uiseparabtc from tlie Iiear- 
mg fKjrtions of the vmchfaic ear. rurthcr the lascntial smsDiy cells of both 
parts of the ear are soHraJled "hair-cells” comparable to 
thfKte which are found in neummasts. Consequently all 
of tbeiie parts may be grouped together as ilte acoustico- 
latcraf sysitem. 

A* llie origin and arratigcmenC of tlic semirirrtiLir 
canals wiU be more fully considered in connection with 
phonoreceptors, it h only nceessan' to point out here 
that they are typically three in Dumber on each liicle of 
the body and ^e placed approximately at right anglt» 
to each other in the three planes of space (Fig. tJUfi). 
i^’ear one end of each fluid-filled canal there b an 
largaiient, or ampulla. The ampullae arc static^ sense 
organs, ticsponding to the stimulus of differential pres¬ 
sure. Ill ordo' that the body movements may not upset 
these biolo^cal scismogmpha, they arc buried deep in 

till- temporal hone, which is the densest bone of the 
skull. 

A gioup of delicate receptor cells, bearing stiff bait?, 
projects into the nuid-fiUed cavity of the ampulla (Fig. 
68" and tnimects with the vestibular branch «f the 
' lith nerve, fonning a device which receives sdmulj 
the fluid (endof^ 
wulun the tube, whenever the apparatus k tipped into a new position. Eari, 
of these jettsgry areas » known as u emta ampuUam 

Stee U«r «mdn:uhr occupy ,hm: diffoon'. pl.,u«, d., co,„b„ed 
«m.uU record d.c .!,« u.,p„|Iuc »ckc it p<»iMu u. d.;,. 

u. pom.ua, d.^ mtumuR mu»:.dur rapc,„«, uppropriule for the uiutaic 

niUict of ^-qumbnuni. 

Otuemiu, v-hith urc o„„)ly citho- cryffiA or conerctium ,J .tdrium 
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SrtitA, may be in the ^pullat and become attadied to \hc project.- 

ing qI the rtctptnr edk^ espedally in latid vertebrates. Id. seladdam 
saiid jjistead uf uny concrctiofis, serve as liie oUxaru^ 

Within the stataieceptur apparatus of the car uf most fishes the limy 
cnncrelioDS may acquire conaiderabte size and solidity, whcfi they become 
known as ofi>ii7Aj*or ’luck)' borie^*^ of fishermen. These otoliths arc used to 
determine the apprrohii^itc age of indivjdiuil fishcSi ^^hicc they show lines of 
^wth* rta^nhUrij^ the rings of growth in the woody trunk of a tree. 



Tl|{. Lmiii .lecLlan thrau^fk an ampullH of the ear of a fish 

I After If ensen. ] 

The .staion'CeptoT tncchanbm of the jscmkircular canaU dots tint frmiwnl 
any great arncjunt of variation throughout the vertehrate series, except in 
cyclostcimes. The hagliih, Myxinet equipped with a single semidrcul^ canal 
bearing an lutipuha each end, and the lamprey, Pfltamyzont ivhh two 
canals, the third one bring mming, can no more sense a thixc-dimcnsTonal 
world than we, with three canhk, can imdei^taiid die "fourth dimensioriH"" 

TJjc abnormal scmuircidar canal system of crelostomcs is pnobahl)' mure 
a degen iTHic than a primitive system, depen dime upon the scmi-aitachcd 
habh of these paraaitk vertebrates. 

ITic peculiar ermtjc cLreling movements that are duLFacierimtic nf Japa- 
ne?^ waltzing mice are coneUied with deicctive statorcceptive organs, or 
scdiirirculaT can ah. 

4. Weber's fTrgan 

A prahletnaticaL smictnre called IVebej^i mgun ts found in connection 
with The staui-acoustic apparatm in the car of rcnalti fisho. The iwn hiier- 
nal cars become counccied by a tran^ ef^ canal from which a row^ of small 
owieW extmda to the ivnierior end of the sw im bladder. This cmmrction. 
known as Weberis organ, is said to transmit inowmrnta of the atitcrbr wall 
of the swim bladder to the ear* Its real f unction is unknewn. 
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Hearing coii£i£t£ iii the reception and interpretation of »limuU caused by 
vibraLinm; of niateriai paniclfsi. Fnc thLs purpose the auditory f^etise cegaits 
haT^r been evolved, first among lower lornis that arc submerged in water. 
Latcr^ after emcrgcficc into the rarer medium of air^ these organs become of 
greater in^portaticc. 

in fishes the iateral-Uitc organs, or rhcoreceptors already mentioned, take 
the place to a considerable extent of organs of hcaringj sLiirc runfnts prt*' 
diued by moving water and ilisLurbaJiees of slow vibralions rather than 
"sounds^" air the most important cnvircmnieiiia] changes to dwellejs in the 
silent aquatic world 

No doubt to many Lramiiinnd Thigmoiaciif: animais, particularly to 
;miphibians whose bodies arc nut yet elevaxed from major cooL^irt with solid 
earth by means u! supporting Icg^ the viltralldits which arc of die greatest 
service iiiid lor v^^hlth their ttttax organs are espcelally adapted are seisnuc 
rather than auditory in characier. U is mostly, howev-er, vibrations which 
pass through the air that are concerned with the true sense organs of hear¬ 
ing, In thifi rarer mtdiimrt* thnujgh which sound waves pass more slowly and 
with I™ intensity than thmugh the denser media of water 4md earth, it 
becoutes the task of ev^olution to eblxiratc inicnslfymg and collecting devires 
of various sorts to supplement the sensory auditory receptora. 

It has thus come about that the auditory^ apparatus of the higher laud 
v^ertehratci cemskt? not only of a sensory^ rceeiviiig apparatus, the internai 
#flf, Iwtl aUt> of a middtr and an txiernnt w^hose supplementary' fiinc- 
tioiw are primarily [he collection and amptificalion of vilarations from 
the air. 

t)f lliese three pairs of ^"carBj” the intcmal cara alone arc fs^ntial and 
present in ail vertebrates that hear. In amphibians the mld^Ue pair of cam is 
added, although it is incorrect to speak of a '^middk ear^* untU the estemal 
eafi which hc^fu with rqitilcs and rearhes its highest elaboration in mam- 
mats, is dcveJoprii, 

In describing the vcitchralc car it may be well to ronsider the slmplrr 
aeecssory parts first, and the more complicated smd essential parts of the 
in [cm at ear frut, following the path taken by sound v^ibratioiis as they go to 
iJic nerv^ous lystcm of the Iktenlng animaL 

1 . The Eternal Ear 

The external car of the higher I'crtcbraim comistfl of a projecting flap^ 
the fnnnif, which h fumished with mnre/er, and an audhory fsnat. The 
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pizmst, a mamm^il^n a^cqubitian^ is a peculiarly molded, flat^ skin-covcrcdj 
clastic cartiliigi: in lOau vvith a cupllke conchn^ in the center^ surrounding- 
the entrance mio the auditory canaL Tliis opening is guarded on either side 
by two projecdDnaj tlie and mtitrngiu (Fig, 638), 'fhe lotvcr cnd^ 

or hbuit of the human car^ h fleshy, pendulous, and 
without cartilaginous suppturl. In a iTon^iderablc 
percentage human tind the lobule h or at 

least not free finm the side of the head, Tlie upper 
CiiTi'ing edge^ or kittix, of Lbe pinna often presents 
an appearance suggeatiug animat rtncestois {Fig:. 

689), When lum^lled at the upper margin and more 
or less pointrd, it is known as llie “satyr ear/^ sucli 
SA was pos$^Lsed by DanateMo in Hawthume's fa¬ 
mous story of The Marble Faun. If the projecting 
part is folded mwanl ii makes the gcMialled 'Tlar- 
wilds point,^' more oftett seen lii tiuimifi males than females and quite 
characteristic of monkcyi^ and apes, Embr>oniciiIly the pinna passes 
tiimngh the 3;atyT stage before atyumng it iinal characteristkally human 
outline. 



HelFjf 
rrtihelix 
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Fig, 6flS. Piflna of a 
httmau car. ^Mtcr Cim- 
nla^luufi, J 



Fig. 689. Ooilintt d 
two ea« At jntaikcy, 
Miieacui; ^ a iiunian 
pinna, showing ”I>ar* 
win's po'tRt,*' wiiicli ii an 
iufoldltig that rcicmhtei 
the prujeetioQ on the 
pituia of the mookcy^i 
ear, (After Scbtvaibci) 



Pig. Haiibryonic stages in the di> 

FploEmiciit of the piima. tr^igiH; f, 3^ 
helU; 3^ aiitHicltx; aruirngiti; t, 

St dev3tioiii of nt^Diiibutaf arch: ^ 
devnatJiQm of hyoid ureh; A.r^ juirieiiLir 
o.v.e otic (After Arey,) 


The pinna dc^Tlop? on either ride of the spsracnlar cleft which bcconies 
the tocuft of the auditor)^ canal. It arises originahy as six knoHike elevations, 
three of which are borne by the mandibular^ and three tn- the h)iaid iirtrh 
r Fig, 690)* 

Pirmae become degenerate in aquatic and burrowing animafe, mch as 
^ealfi, gophm, and moles, where they would serve m good purpfW: and 
might ewn be a disadvantage, but they arc targe in animak like bats that 
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are arrive at night cr in t^ilighi, ^ well aat in fa^t tutmers o\ tjpen f^piitcs, 
such as df^er, ham. kaneiirorjs, and antclopni. Al^tp hi arbi>rr:il aiiinLiils, 
\lkt srfpiiiTcJs, vvhijsc cyts are protected tu a Lertain extent by the e^trs from 
clianec etKcmiiiets with twigs a ltd branches, they arc gmerous hi iize, 
Spallaji^ani (172t!L“l7n9) lung iigu discovered that ^ batj even after it 
had liccji liliiidcd, was sUll able to avoid a maze nf strings stretched across 
a diamluT. The rtaulL of tlih clixs^iral eipetimenL b not so much lo be 
wondeird at when it is remeF(hH:reLl li^at bats are naturally^ actUc at twi- 
ligiitf a ihiie when dcpendeiice upon sight in avoidmg ohsLacles and in 
cneemiitering ifisect prey iiptjii llic wing h nf muih leaseticd importance. 
It has rcCrnUy been shown that the?m Lrepiiseukir animals ordinarily emit 
20-fi0 siipejwTilc scree Liitai per &rcoru] \^hile in llight. Tlic snpcnsoiiic 
wavesj wdiifh art antlilfk to bats allliough above the range of the hufinin 
ear, arc rtillected by even such slender objects as sltingii. lairge external cars 
rnabk the bats to pick up the cehois of their voices aiid thus to avoid 
ohslacJts. Dc teetion of objecLs by a system of reflected high-fre^^ucncy waves 
ihus long anieciaies man's use of radar. 

In mrjccl animal^ pinnae aid in ciitcliing the dimethn whence soiind 
iiv.\vts come. A deaf peisuiu SFinirlimcssupplemtints this function of the pinna 
by cupping the ear with the hand. 

Many animab luve piiuiae ihai are mDvahly hinged to the skull ajid 
supplied w'hh muscles^ so that thry may be easily directed to detect tlie 
somre of sounds without the incouvciiicjiec of turning a heavy head. 

Hip rcT mmvks arc under the control of the will. They arc of two 
mtriRffV witiihi the pinna itself, ami evtWnn'r, connecting the pinna w'ith the 
skull, thus cffcriing the movnuitnt of die external cars (Fig, 591 

In many hrccils of domestic anlouik, as for example, pigs, sheep, goats^ 
dogs, and rabbits, ""lup tkvelop that bek much of nmsculiir conttul 
35 contrasced wiih upright hinged pinnae. Iti the security^ that comes with 
long domestication these animab liavc lost something of the habitual alert- 
ipc^v that » die salvaiirm nf wiki animals. Elephants arc pcrliapv the only 
wild forms with fM^nduInus niui-erctiiic ears, hut the sdf-confidence that 
goes with dominant size oo doubt tnoks the direetinn fti>m which hostile 
conic a matter nf comporaiivc indifTcreiuze Ui them, 
in inammal>i the ^xtrrmd itudii^ryr canal is the passage-wav that leads 
to the middle car. It is alxnit 22) centimeters liMig in man, slightly lieiu and 
larger oi diher end than in the middle. For tlir external thinl of its length 
Its TAolls aiT kept rigid by cartilage, rontinuoiis with that of the pinnae 
while for Uic remainder of the way intu tile skull the walls becume ban>, 
fniTdirig a projri ting tube fmm the tenipMjral Ijojir. 
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The auclitory canal h lined with s km ^ acd Isi supplied! with w/i.ic glands 
and outward'projtctmg hairr, lioth af which ate tlmt serve nnt only 

as lJl 4 ^it-l^Tc:Ste^j, but itl^o lor the dlsci^urageEnent of era wiling and ft>ing 
itisect estploier^, 

Z The Middle Ear 

A middU tai, or tympanum, in tlie form of an irregnkr air-fiUed cham- 
brr^p b hollowed out of each frjtiporal bone between the external auditory 
cianal and the internal ear. 

A deep attie-Ukc dntsaJ the ^fntympanvm^ cOTnmunjtatcs with 

mastoid **ccDs." or spongy ca^itics^ in the hhini mastoid process of the 
temporal Iione (Fig. SK). Below, the lube opens into the naso¬ 

pharynx ^Fig^ liBl and 692). 



^/DuctuE FndaFyinphotkvs 

/ ' 
S<ic JHi t 


Auditoiy 
/ Pit 


v^Sottulm 

^hntui 

^■TMalleua 

Cochlea 


Saeculu^^' 

Logentl 


Artdllwjs / 
EustochianTube 


Phorynx 


F 15 , 691, Diagrams ul In the dcnrli^pmctit of the car. (Afttf 

Drandt. 1 


Across ihe inner end of the auditor)- canal and separatinj; it from ihc 
middlt car » die “car tiriiin ” or extemai iympaaic mf.»ihfane, which ia 
attached in a groove, the tympanic sutcus. In man tl is about 1 mm tlLtck 
and If} ram in diamricr, bdugslightly thicliei m the center dian around the 
margin, It is set oblii^titly a cron the pnssigc-way, and thus 3 iatger ear 
drum with a greater expanse of surface is exposed to the impact of xibitTitions 
than wcnild be praaifale if it extended squarely acrtiss at right angles to the 
audlttin- canal. The ear drum is relathxly nearer the Euriaee tn a child than 
ui an adult, while a uewly born infant is lemporariJy deaf until the collapsed 
tympanic cavities are fiik-d Hflth air by way of the Eustachian tubes, follow¬ 
ing the effort that accompanies the first protesting etits with which h greets 
tlie world. These “first erie^' of the newly boro have been railed the most 
joyful jounds in all nature, for they assure the anKious lijftcneis that the 
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VDimg granger b a going concern, hiivitig; miirvdously made the critieal 
transition f rum lUiirnic existence to citizenship in the world. 

On the hc< tsf Uic lympanic wall opposite die cur dmm and next to the 
inner car, are two windows, the ovidh and the fenestra ratnnda, 

similarly curtained by drumhead-like inertihr4incs, so that the middle ear 
beats some rcsembliince to a hollow drum with very small membranous 
heads at the two ends (Fig. 692). 
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Thr tympunir cavity, or imtltilr ear, in land forms is derived from the 
iilMr part of ihL' anicsiral sph-acidar cldt of ihe tLismobranrli fishes that 
lies between the mandibular and hyoid arches of the primitive splanrhno- 
cntliiitits- In fot iulii|^ the mietdlr ear the pharjufreal pouch never Imiaks 
through to the outside, The iniervening "skin" rcniaining at the outer end 
of tlic Eptmcular pharytigeal pouch bixomes ihr external tympanic mem¬ 
brane, white thr nppmile end extends to the pharynx as tlic RusUeijian 
tube. Thus the external tympanic membrane is ojiide up of an ettodernial 
layer on tiie outsifir and an cjidodermal layer on the inside. 

'fhr Euitwhha tabr h a sentilator of the tympanic cavity. Broader at 
the pharyrieeal than at the tympanic end, it remains iilcwcd except during 
thr uct of swallowing when it tnay nprn sulllcirnlly to piimit an adjustment 
of air wiihin thr tympanic cavity. When the pmsiirc of air is so adjusted 
that It is the same on the limdc of the tympanic tnrmhranr as on the outside. 
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the membrane is thus made free U) vibrate slightly back and foTtb in 



the pressure of the air is above that of the atmosphere outside, the ear 
drum is pressed slightly ht^vard and, like a bellying sail in a stiff breeze, docs 
not vibrate. To relic^'e the sens: of prcsiirt in the eats, when it occim, it is 
only tieceasary to swallow, thus admitting more air through the Eustachian 
tube into the middle ear chamber. 



Hypotyrnpann: Recss 


Fig. €93. Ear bcioe* within the tympanic cavity. (.Mter Rtuivibir,) 

Sound w'avcs which tin pin ge upon the tympanir membrane arc handed 
across thr tympanic cavity to the inner car, intensified and with their 
amplitude mluccd during the piissage, by means of a chain of tbtre tiny 
car bones, the “hammer," nniiteus ; the “anvil,” fnnw; and the “stirrup,” 
siapet (Fig, 693), 

The malleus is attached to the inner face of the car drum by its “handle ” 
while the stapes, which is articulated to it by mennsi of tlie intervenmg inens, 
fita into the membrane sitetched across the fenestra ovalis and, somewhat 
like the plunger of a piston, transfers liy a thrust to the innrr car the sound 
vibrations ivhjch strike the drum. 
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In anipiiiblami instead of a c hn i n of three bofie% ihcrc is a single rodlike 
columella j exieticliiig from the ear drum direcily uj the fenestra ova lit 
(Fig. 6y4A). TMa device forv^i^rdvvibmijons fram tlic drum ro the inner ear 
with eijiial power arid ^mpHiudc, instead of with an increased thm.st and 
l essened am pi i Hide as is the case with the cli^n of eat boncvi in mam ma U. 

There may be two parts to the cohimcllii in reptiles and birds^ eiiJicr 
jointed or fui*ed wiih enrh other (lig. fiy+aji. The inner element which is 
homologcsTis with the stupes of maTnmals^ is the f^leclrunij while the outer 
part close to iltc drum b railed du- e^ira-cotumdln. 
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B 

Hf. 6!M. Eitr bofic* nf iiroddea 1*) iind turtlw {i}. (a, nfia Klngi* 
liiiTj,- and Rccd- wlfcr Plate.) 


Iti iTifmmrenira and miifaiipiais tlic Mapea remains cylinclrital and solid 
al tKe enlax^cd inner t nd, like a pcsilc. but in cHiicr maininali it i» picreed 
tty a hole tluQuujh whith a blood vessel passes, so that it takes on a funded 
resemblance to a sUmip, hence its same. 

Two tiny muscles Ec within the tympanic cavity. The tensor ly^npani, 
Htiachcd to the malleus and supplied fmm the VI 1th rranbl tirrve, rejculatcs 
the tension of the tympanu: membrane. The stapriiim, vvhkh is fastened to 
Ihc stapes and stjpplicd from the Vlh cranial nerve, aUjusL-i the lUting of the 
in the fencaiTU ovalia. 

ITic rar bfmes Imvt a dramutfe nrigin, being made over from skdetal Ye¬ 
menis (jf the spbnchnfxnuiium thut formerly were put to quite dl^emu 
uses. 'Hie amphibian columdJa corteaptjntJs to the hyomanfiibnloT element 
of Fishcjs, that is, (o the most dorsal pan of the hyoid arch. The huiei end 
of the columella ia htjmolo^ous with the stapes of the iriAcnmaliao car. while 
the maJIcui and Incus, which an? pecnltar to mammals, arc derived From 
the atticvIoT hotur of the primitive lower jaw, and the ^aadrair hone of the 
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Diigiiml upper respectively I Tiiiile VII), Thu^ mairnmU miiy be ^aid to 
bear ihrough tlic jaw bones ol their phylogenetic onctstoj^ 

3, 'Fhe Irtcmal Ear 

Thr h<i (fling mtcjnal car, (juried in the den^c tern pot plI banc, is made up 
of extremely delicate cells gurrotinded in life by fluids. It k a very diflkull 
structure in dafiseci^ mid consequently hiatolrigitial Hcrlio™;, cv^-ing to dilTerent 
lechnicA onphjycd In thcrir preparation with tht incVTtablc dwtoTtion that 
results, have nor always presented ii tlcpstdablc picture of the irtith. i\"evicr* 
tlidess essential agreement aboui Ennriy drtaih b.'is been gained. 

"Hie irntmul car, which contains ihc csiwmtial phonnieccptora, is a cln^d 
rrtodcmia! sac, the tnembfanour labyrinth^ peculiarly niuldcd and called n 
"labyrinth'" on actoimt of its complicated sriucturi! lllg. 686). It u filled 
wiih ;t fluid known m endotympk and is surroimdeii hy ^ Aony tah}Ti 7 ith 
in ihc f-Djni of a case hnllowed out of the petrosal part of the temporal 
conforming itUintatdy ti> ibr conto^TCF of the menibranutui bbyrindi. 
I or the most part the menibrajKius labyrinils dcics not adhere closely to the 
(jony labyrinth bat is separated from It by a space fdkd with p^ilymph. 

{ u) Development of llte Membraiiuus Lab^Tuiili.—Tlie Inner ear* being 
primarily organ, is pbrrd at the anterior end rd the s>'siejfii of latend- 

line organs and is prubably derived fmm it. Like the pits of the Lueraldine 
urgant die membranous bbyrinth of the cor is first ul all an cciadcmiai 



Fijc, G9?i. roiir itUiDjcn in ihc ilcv'clnpmtnt of the hutn^ii mcmbronaiB 
ttib>Tinrh aa «en in liiirml views of fhc left ear. dtff. ampiilb; 
vcitibnint c^irrum ol dx.y ttK-Jilciir duct: dx., cndolymiduTic dircii dj.L^ 
2 ud d_Lj., hi^irziialal, patrerlnr^ aiifl dnlFiinr tcitiiriirruLar cunAUi 
nwimlat, (Fmm Brtitier jmd Wealherftjnl. Lnek and 
5f^Ar*j copyright ]9+-[. bv penriistion of P. Blskuti>a^i Sein 

and Oimpany, piihlS^eri, Afin* Ills, Jr.l 
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iiiv^gination, Eippcarirtj; as an iscilated ^^kle on eiibcr aide o( the head 
about oppofdtc the anterJur end of tJic tnyelencRphalon. it sinlt^ below 
the surface it leaves an inimginfitian can^t, which at firsi remains open to 
the outside but later is dosed ofT, thus makin;^ the vesJde of the future inner 
ear a completely dosi:d sac sutrouisdcd hy iite^ixLeirrml tissue? ( Fig, 695 L 

By constriction this ?Fac is next marked cifT into a dorsal u/neu/»r and a 
vcDtraJ At three points in the utricular region the walls become 

pinched tngetlicr inuj Hastened, ficmidrcular folds placed approximatrly at 
right angles to one another. By this pinching procesi the two wails of each 
of these hatte^icd folds come into contact with each oilier c:xf:ept ahmg its 
curvied outer edge. Thus Along the outer marghi of each fold their h formed 
a seiniriniular tcUiid^ opening at either end into the main part of the ulric» 
ulus, AlBorption of the central parts of the folds leaves behind the three 
bops of ihc irmirke uti^f u,'ilhout destroying ihc conluniity^ of tjir 

genend ca\'ity within the x:ic or alhnving the sac to bneai through to the 
outside. 

Meanwhile the sacculus scuds out a £D£hleiir sac which eventually 
elongates and coib to form ihc cochlear duct with an auditory rather than 
a static funcUtsn. 

{b) Smiciiufe m Mammals.—For the most part the mEmbriinoufi laby¬ 
rinth lies suspended in the perilymph, being held in place by stranch of con- 
nectivt: tissue which extend from it to the periosteal lining of the bfiny 
labyrmtli. In the coclitear region, however^ parts of the duel are in direct 
contact with ita^ bony envelope. 

lu csLch membranoua labyrmih ihcnr ate fax sensory amasi a Cfist^ 
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iimpuil^J in the ampulJa of each sefnicirciilar canals as alfcady licscribcti; 
the miittdft in the of tlie uUiluIu!]; the m^jda mccuii, in tbat 

part of the sacculns that is not dra^vn out ip farm the cochlear duct; and 
the orgirn of Corii in I lie cochlear duct (Fig. (i96)* Tlie cristac and maculae 
are innervaied by the r^slibulur brntirh of the aeouiihc fVlIlth; nerve 
ivhilc [he organ of Corti js sajpplicd by the branch of the same 

nerve- 
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In the adiJt human ear, oTiJy a slender tube, the nfriViJff-yflrCH/nr ditcl 
coimecU the utrittiluf with the sacculus. From this duct a slender fnd&lym- 
pkaiic duct extentb lo the inner aurfanc of ibe petrous bone wheie Ji en¬ 
larges into ihe cndatj^mfikauc sae lying just ticneaih ilie dura. The sacculus 
b also connected with the cochlear duet by a slender canal, the duttui 
rftmfVnr. 

TYuz bony cochlear canals in which lies the cochJear duct, spirals about 

3 conical axis, tlic madiolm [Fig. 6i^7 ), Frain the modiRlus a shell of bone, 
I he sfatal Inminit, projecis into the canal, Mjmcwhui lifee the thread of a 

Extending along the apt^s&ite w aJI of the cimal is the ^pirat tigam^nL 

4 ihickcncd portion of the perioateum. 

In croe^ sertions of the cochlea the corhltar duel appears triangular 
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{Fip. 697 and 696). One side of the triangle lies agalnsl the oulu- wall af 
Un; CRiial ill contact with thf; spiral iigamcnL Amitbci' Ihc hasihit rtlem* 
«t^d& imm the ligumcuL .icrc> 5 & The caniil ajid onto the tjppi-r stirface 
of the spiral lamina. The third adc k the thin vestibular m^mbninef or 
m^mLran^f w-hinh extoids from the spiral laminar obliqtiel^ 
to the tipper part of the apirat ligamciiL Thm in cn)s$ section {Fig, 693/, 
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the biajy rtichlear canal cnelosea tliree citvilies. Ab<i%T ihe cochlear duct is n 
perilvni[ihaiic spiice, the $eda tvstibuli, bounded by the vcfittbular raem- 
Itranc iind the upper wall of the Ixmy catiaL Below the cm hlcar duc;i i» 
another perilymphaik apace, the Tcaht tympani, btninded hy the wall oi the 
bony taniil, the Itotiy spiral lamina, part of the spiral lijjamcnt, and the 
biiailar membrane. Tlie third cavity Is the seda rrudia, or cavity of the 
cnchlear duct Itself, which b filled with endolymph. 
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Near the apex of Uie cochlea the cochicar tliict out a short distance 
from the Old of the bony canal. GotisequetitJy the vestibular and tympanic 
i«calae become condnuuiis at this point in a tiariow space known as the 
hrlUotrtma (Fig. 697 

The hasal end of the cochlear duct lies against the W'alt separating the 
aiV-filkd middle car cavity from the fluid Oiled cavity of the bony labyrinth 
(hig. At the basal end of the scala vntibuli is the fauTtra ovalb, also 
ktuiwn as the mstibuti. This vi'indtfw is closed by a mrinbranc to 

which the enlarged “lower * end of the stapes k attarhed. At the Inisal end 
of the scata tyinpam jj ihc fenestra rotunda also known as the fenestra 
li'tnfmni or, mote commonly and Ics appropriately, the fenestra eocMeae. 



ccfii 

Hg- 7IW- Crow through ih^. ai^aii nf CcinT^ watKin thf msm^ 

hnnini* JsitTyriruh i «Tirhlc«T duLf i, \ Alter Sz^Tnauowicj^) 

Invade die oochiear duct and ELipptiitccI on the b^Har menfihtniic arc 

orderly rows of clifferentiated ceUs running lengthwise, like a striped ribbon, 
to the lip of the cochlea ( Fig. 700). These ncHvs of cells form the orgon af 
Corii, or the receptor apparatus for hearing, named in honor oj Alphonso 
Crjrti (1822—1876 ', who in 1851 first dis<.i3vercd many micrcccopic dciaih 
of the inner car. 

The most important cells of the organ of Ctati in man arc the several 
rows of hair cells, which are the phonorcceptum proper. They art connected 
with iicuroDiS of the auditory nerve tllat transmit u> the auditory centers in 
the temporal lobes of the cerebral cortex ihc vihrattry stimuli received. 
The hair cells in the human ear are rarionsly estimated to be from 13,000 
to 54-,(X)0 in number, each one with perhaps 40 cilbi, or “hairs’* at the recep- 
6ve end, projcctirig into the endulymph. nicy are arranged along the 
basibr membrane in twf» bands separated from each other by two rows of 
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supporting ftitliif that lean agmnM carh other so to form an arch- 
way. 

"Hie ianrt band of hair cells consist? of a single row w^hilc the nutnbcr 
of rows in the iJtJter band varies^ therr fwiog ilirec in iJir basal cail of Uie 
cochlea^ four in the middle coil and five hi the apical pan. The rounded 
base trf each Imir cell rests upon a supporting cell* pk^dav^^eni 
ceR, whicii in turn rests upon the basilar membrane, AddiLitutal suppoitiug 
Cflls rtULke up both thr irmei ;i£id outer edges ol the organ of Corti^ those o\ 
the inner edge being blown as border celli^ those of the outer edge as the 
^ellr &f The latter grade over into the af Claudiui “wJiich lie 

along the outer part of the basilar membrane and extend onto the spiral 
hganient. 

From the nppiT Jnjffaec of the \xmy spiral lamina there extends into Uic 
endolymph a stimewliai flax ribbon-Iike strueture, the membranfi 
the tJUter free edge ol 'vhich extends as far as the cells of Hensen, Its exact 
rdatSunships arc difRcuU tn detamme t>ccausc its outer free edge tends to 
curl up when treated whtb fixing reagents. It h probable that in the lining 
vondiiloJi its lower surface lightly impinges upon the free ends of the hair- 
tike processes of the hair cells. 

Along the inner w^all of the cochlear canal, foHow'ing the line of attarh- 
ment of the bmlna spindls to the modiolLiS, is a i^up nf nerve cell bodies 
making up I he spirit girtigiion^ From this ganglion dendrites run through 
the lamina imo the oi^an ol Corti where their terminal branches are ^sso- 
ebted with hair cells. TUe iicutitcs of these nenranf run out lUruijgb die base 
of the modiolux as die cochlear brandi of the acoustic titrve, 

[^) Khysiobgy^ of Hxsaring.—Sound waves, originating at .some sonof- 
o!i!^ ouLsidc point in the form uf matcnal partldes of air hitting upon one 
another, n:4ch the ettr drum and set h into t^hnuioriT if the pressure on the 
TWO sides is equalized. The vabradons of the drum are banded an to the 
rhaiti of ear bones ihat span the tympanic chamber of the middle, ear. The 
last Imne in thin chaiji, the ruiitig into the fenr?tra vTstibuli* acts aa a 

rocking plunger that agitates the perilymph in the scaln vesiibuJi (Tig. 701). 

Pressutr dnoigcs m the perilymph arc transmitted ili rough the thin 
vrstilmlar membrajie to the endolymph w^irhin the codtlear duct. These 
changes enuse movTinrmis of the basilar membnme which not only lead to 
stimulation of the cochlear nerve, a$ described l>dnw^ but abo affect the 
prrsEiire in lim iKala tympaiii. .\iiy tendency to generate exet^ive prrtsure 
in die pracricalJy intnmiJrrssiblc Muids of the internal car k offset by the 
seenndarv' tympanic membmtic which bulges outward* into the middle ear 
cavity* with each inward muvement of the .stapes. 'Fhe pas^^age of fluid 


tlimuph the helkotremu, as afl aid in eqnaUxins pressurr difEerenccs In the 
nvo prrilytnphatic scalae, now nonsidcred to be of itejrtigibJe significance 
because of the small diameter of this region, located at the puUiL farthest 
from tlie stapes which brings about the initial presKiur changes in the fluid. 
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7DK SchrmB(Jc reprcwtiiiian vf ibe dJjpliirtinrhJ of thf lUpea, 
due to [tie eomracikin ul die stapedluj mirKlSc- a, io is, 

sLi])« during cmtrdunctn of ihr aaptfdig* iiiu^dc- I'hc ootcrii^r pnnioii 
Ilf tli£ nriTiiiiiir c>l tiic itiipo li ibaji ilir pi^jiierior por- 

ijotir jliLiisictoir of fenestra ffi-pilM, paBsiufE tlotiugh 

blue of fcAtini^ Udpr-*. I, Aflcf icslutf 

Accord Lnp to tlit mosl pcncnilly rtcceptc^d QicLir^’ of hfiiringt a modlticaL'^ 
Tinn of ihc ftaotiancc theory propofiit^d by Helm knit/, many yCfirs ago, any 
fflven frequency causes mo^i vigorous Riovement^ of only a WMized tiira of 
the ribbnn-liie hn$jl^ mcTTihrane. TTicre is thus a place on the mcitibr^e 
for each pheb for frcquenqi ]; hc^re^ xhh kiiovsTi aA ihf place ifiei>Ty aj 
hearing. Striking of Uic kair-rcll of the affected region againa ihr 

trt torial mcmbrani: siiiiiiulaie?i their assoeiated nerv^c endingSu Impul&es car¬ 
ried by certain fd^rs of the cnchlrar nen’e jire ihen interpreted by the 
irrrbinl eortr* as particular tonc^- In support of this theory is the ’Work 
Vfchich has shown limt Lhc higher audible frequcJicic^ stimuklc filicrs a^- 
<-iated wIlIi ilic basai pan of the cochlear duel, where the basilar ntembTanc 
IS narrowest, while low freqtiench^s affect the stpical Tegiun wbere the 
membrane is widcsi (Fig* 702) * 

The amplitude of the vibrations dctmninft the loudneis of thr tones 
piTKinccd. while the piuh, whcihcr ll be h!gli or is corrrlsitcd with the 
/rf^Tirfifj. Of rebti^^ numlicr of vibrations per iinll «f time. The quality* or 
timbre, of a tonc^ by which the difference benscen a kiironn wice and a 
violin, for example, is detected whcti producing the same musical note, is 
dependent upion the ckara^ler^ or sliapCj of ihe sound w'a^'cs when visually 
recortiedi a? also upon the ouertoner, or accompanying syTupathctic vihra- 
tinos nf different harmutnoiw undid lengths w-hich may be added lo the 
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fiiniLimental tone. Vibmduns without uniformitv in wave length or shape 
fail upon the ear us ''noises,” while vibrulinns repcatird witli regularity oi 
lunii and shape give rise to "tont^ ” 



Fig. 702 . .Sr.hrnie of Iwnl.ir membrane uf the fiichlcn, rrprrwntcd as 
nllcd (ml iTij, tn iltiiw itiMj’itHJijjm Hif pitch mreptioii ujuitg ihe inri'n- 
branr A, DTjjp uf bnsJLir mcmbfww nf gultira pig, rlnivcd from npiri. 
tJjmtfti (Jam; b, Jiup of hunjim buiiLr mcnibftnr, dctlutcd from tita: 
of ihe guinea pig, {After Steveat, Davjj smd Lurie,) 


o 
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irf) Comparative Anatomy.-There is no ear in amphioxus. Among 
^clostomes the mcmbnuious labyrinth in Afy^ne is a simple imdiffercn- 
tiatcd aac with one single semicircutaj* canal. In Petromy^n two eatmU arc 
present, with a constrietioii in the mc that indicaies the bcgltuiiiig of a 
scparmiotv into utrirnluj and sacculus. A mticala cnmmHwu in the saccukr 
end, along with a crista in each ampulla, represents the nerve iCHninab. 

In fLshbs generally liit ear hardly rLsm abo« the static function of 
cquHibraiion. TIiTve welJ-devcfopcd scmicJtriiJar canals and a primiilve 
sacculiiB, ptmidc^ with oiopoma or an oiolith, offer anat£.tnkji] ewdeure 
that the ear of fishes Is stalk rather than auditory in funrtion. On the pcs- 
terior side of thr fiarcnlus is a snudi oiitpocketing. the tat'enn. b which L<l a 
sensory area, the muctila tagfjiae. of doubtful function (Fig. 703), There 
are also trisiac ampullares, b the sonicirruiar canaU, a macula utricuU and 
a macula sacculi. In adilbion thee animals have another utricular sensory 
area, the mufuta iteg/crfu, which is dniible in same cases, ft h tvircmcly 
doubtful whether fishes can "hear," alihi,„gh they respond readily to certnm 
types (if jarring or vibmlinn, by means of their laieral-lirie organs^ Whatever 
\-ibmijon.s fnim the nirmundiiifi water reach the labyrinth ol the car, do 
through the skull or tluKjug}i the spiracular opening, for no middle rar or 
outer passage-way is y« elaborated. Another reason why tkhrt are probably 
oMirious tn soimds btimc on the air is dial, although' sound wa™ trans¬ 
ferred under wnur or thrciugli wlid nbin ts, as a telegraph wire for example, 
trav^ more readily than m air. it Ls very dimcult for vibrations to pass 
titihindcTcd fftnn thin air inio the denser tttfdiiini nf w.iifT. 
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in fmgs an4 (DaclA hut not in uftsdeles^ the $pitacular cleft enlarges tnta 
liie tympanic cavity^ whkh b tiist junpcrly a ^^mkld.le ear” ijhicc nti 
car is presentr A l^rgr external Ciix dmin* connected by a columella ^ith the 
iutdiml catp placed at the Ic\t1 oI tlte slnii, and ti* Consequently murh 
exposed to injury^ The first true audhnry^ Dm'c IcrmixoilH appear in amphiirj- 
luti$ in Ihcr form of the nincuhi ncglecia and the frapiltn the latter 

stnn;tu^r ltc*ing tJ uTifKirlsinrc fiiiicc it is the forerunner uf the organ of 
(.lord which becomes meorporated ■wilhio iltc Itigcna Uiai later cniU ic? rotm 
the cuchlca ducL 



Kisih 703. I.jicfal-viw oi thr tcFf inbyrmth fli the imt. a. iclc* 

Mi; BL frop; fi, ti!Tile;n. c. hinl; P, inainmjJ. t. msurulji litriculi; 

•i, fttanib MCaiU; 3, mnuub ligmae; 4, bstwl p:*pElki. (After ilessc/J 


The macubi negketa continued to be repr^^nied in repdicfi and birds 
but disappears in niamnials. The ear drum becomes sunken in repUte and 
birds^ fomiing a pil which is the bcgintiing of the extrrtial audiiory canals 
Somz lizanfe and crocodiles have an earfold at the margin of the pit which 
Ffifeshadows the pinna of the ntammaljan ear- By means of this fnld an 
.dligatcff is enabled to dose the diort auditory canal while submerged In 
water* "Tlomed owls" and ccrtaia other birds have the cprfold supplcmcnied 
by upstanding fcn^thers. The tympanic catiiry of snaked ami legless lizanis is 
much rrdured or ahsein. since direct contact with the ground h die means 
employed for the reception of s*dmuc vibrutioits on die part of tlicM: highly 
thigmotacuc anhnak. In birds and crocodile the two Eujstaciiian canals 
foim a median iluct that entera the mid-dofsj region of the pharynx by a 
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^glc opening. The lagend elongates and beciomcs slighljy curved in cmc<> 
diies and birds. 

In mamuLiik the lagenn ctjrves still raore to farm the compact spiral 
spucc-.iaving cochlea. The number of lums in the cochics. of various niaiD-^ 
mak is as foUows: Enhiilna, 34; whale, 2; rabhli, 2/s; man, 

^Yi f 3| 3j4s pigp 4; Souih American *^paca,” Coelog^jiy,^i 5* The 
cotrliiear duct becomes attached along iwo sides of the boivj canal thus 
diTsiding tlic pcnlympltatic space into the scalae ^icMibiili and tyinpanJ. 
Ihe establishment of the fenestra t^nipam as a salery valve ag’ainst execs* 
Sive vibmdniis is a further Tnamimiliiiii rctineniciU. ITie maljeu$ and incij^ of 
the middle car aie also addcil in maiiuuak, wliilr the auditor)' canal of the 
outer car iTrcomea donga led and bent^ tbiJ;^ affordiug greater proteccion to 
the car drLiTn+ 

ViJ, PH0T0Ri:CEF10RS 

1, III Gciieral 

Tlie most important and far*reachliig of all the ACJi&ory av^mucs of 
knowledge f onceming the external world is Lhrougli the sense of sight p. which 
pictures not only tlie changing scene, liut also rreords place, movement, and 
distance of outside objecta, ifojit of the other senses, such as taste, smelh 
touch, and tanperature. furnish Information concerning only the immediate 
environment. It k true that the radiav frmn M'hich impressions arrive is 
much cnkrgecl by ilir sense of hearing, but hearing after all k confined to 
gc=ographical distances even when augmented by the manxloiis mechanical 
ejttciisjom that are made possible by radio. Although one must travel m 
order to distant bnds that lie beyimd the horiston, as well as to come 
into contact with distant Mimiilj of any sort, it js Cjuite possible to stand siUJ 
upon a ttairy nkht and lee tlvc heavily braJii^ that mark the very outpo^s 
of the knowit imiverst. What an infimiude of space k comprehended in the 
sLitetnrnl that onr cmi srr a rfur,^ 

Nrmc of the human sensei & so sordy mracd ns sight, .\ftcr Brnhoven 
becamr deaf and could tio longer hear the musical harmonies which teemed 
in hi* fertile bmln, he became an object of e mpathy, but a blind asiranomtr 
or palmer, Ihinp upon tncmorics of wha( he can no longer sec, would 
surely be a aatldcr figure, 

\Mrthelc36iy sight is by no means an unlvefsal or an indispensahlr 
endowment of animals, for many rteatures are sightless, or “love darknrts 
rather tlian light,” 

Eyeless pbnte are more dependent upon light than animals are, and 
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althDu^^h all nrganisms alike owe their exLstenec cither directly or indirectly 
to the light of tlic 5un and the m lin'd of phottwynlhesis, k is not always 
Rcrcssary for so elaborate a receptor as an eye to be involved in reactions to 

PhciQTectfitciTSt^ whidi are Htrurtures adequate to respond to the stimiilm 
of light, [Qcltidt much inote than *Vye3.” In fart protoplastn generally is 
more or less sensitive to light, and the function of iiight may Ije fcgardcd 
simply as a specialized extension of tim peculiar type of Irrilability. 

2* Pbotoreccptori llial .^jt Not Eyes 

IJ iJu: eyeless eanliwornia did not retire to the safety of ihdr burrows at 
hre^k ol day^ after thdr norturnal wajidiurlngH, the proverbial "earlv bird” 
would quickly cl bn mate llicm in the struggle for cxbtence, Tliry are abk, 
however, by means of tmain spechdked pkitlor^cepiivf m the skin, to 
distingubh light from darkness and so usually lo escape such a 

Many protoicpans, as well as larval forms of meum^an^ in which edlular 
elalioratioD rif eyes is quite out of the question, neverthdes® respond very 
ddinkdy to die ^limubtioii of light. They are said to be posUkfety ph&it^ 
iropir when they tnm toward the source of UghL, and negaitvi^y phvfoiropict 
A'hcu they turti away. Usually these respciiises are lH:ncricial to the amnia 1 
concenicd biit not inv'ariably so, for positively photouopic: moths arc known 
to be killed by flying into a flame, 

.\s liiglily dewlopcd an animal as a vcitcbraie may pos™ photorecep¬ 
tive mtegumemary cdk locaied ouuade the eyes, as proiTd by die behamr 
of certain cliamcJeon'like lizards, which normally respond to light by coinr 
changes in ihe sldni and which make this response when tempotarily blinded, 
if a siimulating ray of light in an otberwfet darkened room is focussed upon 
the skin, 

3 . E)xs 

Eyei are the photoreceptive organs par wxrdlence. They may be dc- 
-scrihed as of fwo different general sorts, oaindy, Jiration that distin¬ 

guish tight ant! dark and enable an animal to locale the saiirce from which 
the sum 111 115 lumes, and imrigt-forming that report to the hroin a morr 

or less dcfmitc picture, reflected fmm objects in the environment, 

(a) Dirr'ction Dirt^^tion arc lypically Jihown in norr-poLrasitic 

flatw'oniis, or Tutbellaria^ which arc found in the day tunc otn of reach of 
their encmica duiglng to the underside of stones and sticks submerged in 
shallow water. 

The phomrccepiive cdls in direction eye* arr parked clnsdy together 
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bdiinil ^eldJilie cup of pigmented celk that are not paiclnittd by light 
(Fig. 7(H)* llie atiglo^ whJth these cup are placed on ilic uvo sidt^ of 
[he head is such diat it penults the light, whenever u does not faU exactly 
paralieJ to tJic long axbi ol the hody^ to suniukte the photorcctpiocs on one 
ade more than on the other ao that the w“E>nn respontb by turning 
until the stirciulatian recei^-ed on both sides k equaJ. 'ITiis tcsliJes in crienia- 
thn with reference to tJic Rource of Ligtit, and in 
ticgatiwly phototTopir: flaTwomij Emds to cany it into 
darkness ajid safety. 

{b] fniagedormlug Eyes.— I mage-forming eyei 
are optio^l devices that not only differentiate berween 
tlse presfincr or aiisencr of light* but also receive re- 
flccltd light in ffuch a way as [\$ transfer a picture ti.^ 
the brain. 

d'here are two outstanding t^pcs of rmage-formlng 
cyes^ namely, momit and eomera ey«i- The ftimier 
reaches its highest ekborsition in ihe faceted eyes c^f 
InsectA, which far outmnnber all other animahe having 
cyei of any kind, but the latter is of greater prtscJii 
intcTx^tt because it is the type of the vertebrate eye. 

Behind each facet of Lhc coinpoiLuil eye of ^ insect 
are severaJ parts w hich together eoaistituie a separate 
optica] instrument for receiving light that has been reflected Irom external 
[jbjcctii. Tills unit [jf die tempotind arthropod eye i$ called ao ommaiidimn. 
When dustcred together, sumrthnes arvera! hundred in a iiiiglc eye, orninii- 
lidia produce a map of tiverlapping details that fit together^ like die separate 
dements in a mosaic pattern^ to (unn a e&ngU picture in the brain. 

Usually the mosaic eyes of ubcciSk are set immovably in the head, but the 
ccmv-oi OipcmiTe of thdr lurfaces such ihai the margined omniatidb may 
point outward at angles ^ulTieicut to indude in the whole eye a wide range 
of visitin. 

In crustaceans it Is usual for the mosaic eyes to lie so cooiintcd upon 
mnvable stalks that they may be lurned tu various dircciloni, without ihe 
necessity of mming the rigid nedde^ head. 

4r lluifian Eyf^ 

A paralld betwem the typkal ram£fa eye of a vTitebrate and a photCK 
graphic camem hoirb good in numerous detaiis. Both are dark rhnmtwcTs 
which admit the lii^ht through a focii£ajng lens and which are guarded by n 
diaphragm and a dnitter-like arrangement that regulate the amount of 



Diimkin 
eyet of a flutwofUL 
A, diugni];i1 diiccti^ju 
Ilf Ughi; Bi posrriiqr 
dlTtctintl of ligiil; 
pidhinn of the photic 

rEiceptsve rrlU wktluiL 
ihe cresccfitic pipiicni 
CMP w'hich acts as a 
lihidci 
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eiiicring light. Both have a acnailive receiving surface, lining the aide of the 
chiunber opposite the window wbete the light comes in, and in both there is 
an inversion upon the sensitive screen of the image received. In one caie 
the picture itoprtsed upon the senative plate is ‘^‘developed” after removal 
to an appropriate bath of chemicaia. In the other tnatauce die picturv, 
received upon the seTisitiii''e retina of the eye, is tranmutled by the opde 
tien« to the brain, which becomes its ‘'developer.” 

The eyeball, or “camera bo*” of the vertebrate eye, b safely lodged m 
a bony orbit of the skull, forming a protection to it from mcchamcal injtinesj 
except for a uni all though necessary exposure on the front face, It b held 
loosely in place by a loose system of comirctivc ti»iic fillers wliich permits 
cumiderahle freedom of movement within the orbit. 

The walls of the eyeball consist of three concentric taycis of di\Tri9c 
tissues. The outer layer, or twnxcn fibrontf is skeletal in futicUon, maintain mg 
the rigidily of the spherical eyeball {Fig. 705). It is » lou^ that adds or 





Kg. 705. Hflrinmtal meridioiud «eitoo through the righi eye ef man, 
iehenmiie. a. r., anteriflf pokj a. p., poiterior polej v. viiuai asU 
(Fiiwrt Smith and Copcnhat-«r. IfeiVey'j Tixt^Oo^t; 0 / Huiolugy, enpy- 
right 1944, by penniision of tVihlwM and Vfillritia, piihlt^eti Alter 
SalTHTOml.) 
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nlk^Hs, O-T even cooking, docs not destroy it, anil it is quite possible to pick 
A splinter nff its exposed surface without serious mjur>v 

The middle pigmcnicd layxr, or Uinica pnovidrs a place foi 

nutririn: blood vcssrJs, while the Inside double layer is sensory, con- 

uiining among r>ther elrmeiiut the roih and €ont^ that constitute the essential 
photoreteptive cells, m which all the other parts of the complicated \isiial 
apparatus are subsidiary. 

in) Dcv’eli^pnieiit.—The uen^ous elements of the eyeball arise fre^m die 
wall of the embryonic hraitJ* Early in development^ before the medullary 




OiiiffitawJh of tlw; optic vciiclcs and rn miaii nn of the ieru in 
the ciiicE [Alter Duval.} 
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iBfuVfflJcte 


Oiorokt FUiurw^ ' 
OpHc Stalk' 
Wall of Di^mph 


groove is dosed into a tvibe, the djcnccphalon gives rise in two outpockctingB 
(Rg. 7tJ6)+ Each of these wion diSerentiates into an enlarged disital portioot 

the optic vrnebt and a coostricted prox'' 
imal optic stalk which eomiectH the ves¬ 
icle with the diencephalic regioop Ncid 
the terminal part of the vesicle 5n* 
vagiitates to form a two-layered opiit 
ctip with its concavity toward the sur¬ 
face of Lhc body, llie inner layer of the 
cup rv™tually becomes the nenfous 
portion of the retina^ while the enp^s 
outer hiytr fonm the pigment Uyet of 
tke retina. 

As the primitive double cup Is famfi*^ 
ing, a portioii of its ventml brim is in- 
toIvtiI In the tnvaginaiJDn so that a 
deep noftch, the fhoroid fissure^ deveb 
op ill this region (Fig, 707)* This 
infolding aEo cemrinues along the optic 
stalk to fcimi a ventral gnxavc. which extends as far os the dicticcphalii: 


Vnt~ 707- The cijjttc cup nod fm* in 
nrxeograttu duuwiii^ dicimid Fcuurc. 
[After Arry.) 


wall. 
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rtvcii]tiiall> certain of the retiiml nciirom scod oui ncjuritcs wbifdi, after 
piLssing through the choroid fissure, run iilung the groo^ic in the optic sdaJli 
♦uid intn the brairu These ncu rites form the optic ncr^c* while the opiic 
stalk fades in impcittajice and vaniv^lies^ Complete closing of the choroid 
bssure by the grnu th of sitrround bg cells about the optic nerve causes the 
latter to have ^l^c .apjiearanee of penetrating diruetly through llie wall of 
ibc eyeball 

Meanwhile, al the point wheret the optic cup comes nearest to die surfsice 
cctodcrmi die biter gives rise to the 
if nr. Lens fomiaiion is brought 
about by the invaginatian of the 
ihjckened ecltxkrm, whiLli evmtu- 
aJly pinches off a hollow vesicle that 
tiecumCA mtrrdy dbconnectedi Xrum 
I he outside ectoderm. Tlic ca vity 
IV i thin die embryonit fetis is gradu¬ 
ally obihrrated by die i'oliimnal growth of ccUs v^hich make up inner 
[iari and which eventually fill thr fipace eiitirdy fl'ig- 7f>S u 

The retina and lens bier become enveloped by mesenchymal tissues 
^vhkb give rise to the two uuter iaycis of the eyeball, the tunica ^ascLklusa 
and the tunica fihroKL. 

(b) Structure of the Ilnman Eye.—Tlie outer mnka fibr^sn of the 
human eye b made up of the srliTra and the mniea lU^}. The scl^m 
b h 1 tough, opaque layer of interwoven fibrous comiective tissue* Coniitiofdy 
kimwii as the '"w^hite of the eye/' It occupies five-suet he of the entire dreum- 
fcTente, hut is mmdy mil of Aight within ibe orbit. It b pierced by die optic 
ncr^^e and also by bkK?d % essds. 

Tile rcmahiiug une-aiith of the fibrous hiyer fs^ttris a iransparcjit circular 
window, the c<nnM, over the front face of the eyeball ami continuous wjtli 
the white gdem. It is thinner in froot ((1,9 mm) than around the ring at 
the comco-scicral margin ^1.2 muij, where the musclrs^ thai rotate the 
ctThall in the sockeC arc attached. The cornea b an important part of the 
fiictusing mcchanbm of the hurrum cyCj havliag u refractive power about 
two imii onr-half rimes that ol the lens. Much of ibe importance of the 
lens, ihcrefort, t Eusndaicd With its use in necDinmodating the «rye to 
objects al various dJstmiceS from it. 

ITie middle, vascular layer, or ftutiVa vmnil&ia, whidi fe in itiUmate 
tdTifact with the layers uext to h, both inside: jumI out, is made up of three 
general parts contimiouft with oue another, namelv. the choroid, cilituy' body, 
and iria 
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The ehoTdid, mn iiing up must of tlic Tilirltlk laytr except its anteiior 
part, is rich in bJood vessels aitd pigment cells. As s result of the heavy 
pigmentation of thu part, light is al)aori)cd insieaii of being reflected back 
and forth inside the eye. Toward the front of the eyeball the vascular bycr 
beromcfl thickened into die eiliary body whlcJi is attached to the tnsde pf 
the sclera, near the KJenwtrtieaJ junction, in the ftirm of a ring. The 
pordon of the vascular layer cndirlcd by the ciliary ring and behind the 
cornea is the iVtr, w'itich is not attaclird to the outer fibrom layer as are the 
choroid and ciliary body. In the tenter of the disc-like iris is an opening, 
the pupil, which always appeais black in man because it is the only place 
throntth which light may' enter into the dark catnera-bux, lined with non- 
rdlccluig tissue. 



Fig. 7IW, AnierEcr tmff of the eye bmi frrrtn wiibin. i.Mtrr SblimaiHi.] 


Befjinnjng with a idatiwly thin edge next to the rhomid, the almry body 
gradually liicreasrs in ihickrtris until the maximum is reached near the 
margin of the iris ( Fig. 705). The mrM coiiapicuous parts of thi* body are 
the ciliary prncjiwra anti tlie ciliary mustlra. The cifiarj pTOfisses are 70 to 
RO radial in g ridgw rompowii chiefly of cormccdvc tissue, bli.cKl vessel, and 
pigment Cells (fig, /09j. llic sides of ihest ridges and the vtillcy^ Ijetwcen 
tiiem furnish the point* of altaihmeiit for ihe itir/irnjnry iigameni that 
stretches from them to the capsule sutTounding ihe lens. 

The oHiarj mtacUs have to do with changing the sJsapc of the lens so as 
to focus imap sharply upon the retina. These minKita. smooth and invol¬ 
untary, arc innervated by tiben ol the oculomotor nerve, llicir action, 
bnwevTT, is much more rapid than that of moat smixtUi muse Is. They 
iiiduilc both cireular and radial fihen*, with the origin ends of the latter 
atUfhrd to the iwlcra near the junction of the stlcra with the cornea. Thus 
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■ riDU^ciLiiiitt Q-f thr cilian-'^ mtisck Rbera puUi tlir tihonoid fom'and and rednce? 
I he diameter dI the ciliary' body. 

Thr iris smts a ckJieatr diaphragm sum^imding thr pupil. Wiihin 
it ate iwo antagonistic the sphinxitr and the dHataiof 

papiflfie, the contractiuns of whiih serve rcsprvtivciy to decrease and to 
iiii rrH.%r thr sizi^ cal the pupil. In this rnautirf thr im rrgnlatc^ the amount 
i]f light admitted mio the eye. By covering the outer morr curved edge of 
(he lens it also exits duwn or prcihX^nt^ the orcurraicie lif spherical or chtx> 
nmtJe abemitinn, whirh tvtmid blur or eemfusr the imagts rasTt upon the 
rrtina. \\’hen a pcrsiin **gocs tg the Ught*^ co examine an object carcIuTly, it 
is usually not L>et!ausc of a ^ardt)' uf lighl avalLible^ but L'x^caiii^f Lncreaiicd 
light by harrowing the pupil cuts cut Jtide lights and tliu.^ sharpens the lisiein, 
it:ai as closing the diaphragm in a camera reduces spherical aberrarian and 
uarpeiys the image. 

Pigment of voricnift kineb, ahundahl In the iriSi gives the diariicttriMit^ 
“color of die eyes.’" A thick pigmeni ifpiihetitim forms the posterior suiface 
of this strurture m iUl individuaU. In the absence of other pigment, light 
efleeted from tliis layer appears blue. ^Vhenever 
2:ny other eye color, such as gray or brown, is 
shown, it b due to the deposition of udditioual 
pigment in die cmtcr parts of the iris whert: they 
ccuicea] the blue derived from the pupnent 
epithelium. The ej'es ^if albinos appear pink bc- 
eau^eyin the complete abeiencc of all iris pigments, 
die color of the bkiod shows through this region. 

The two muscles of the iris, ha pigment eph 
thdium^ und the innermost layers of the ciliary 
^>ody do not properly belong to the txmica vasty* 
but arc ecrudennjil da‘ivativi:fl of iJic embry¬ 
onic. optic cup. In the iris* the outer layer of the 
cup gives me to the muscles^ wliiJe the inner layer 
*'l the rup becnim^ the pigment epithdiurn. 

The retina, the inner or sensory layer of the 
eyeball^ is derived from thr two layers of the 
Coptic rup and h therefore really a part of the 
brain. As metitloncd earlier, the outer laver of 
tile cup give rise to the rifTFimrrvxnis pigment 


fOtihtr M*mbwf- 
1 InMf M^mb^r 

lOutfirM«mber 

I Inner Member' 

Nuclei^ 


Synapse" 

tr i f ffl inwJtohfl C«ll~ 

Goilglbnic Catl'^ 

Nmrrle; -a 

Ophe 

Fig. 710. Diaj^ni thaw- 

\ng tJw three prWipal lay- 
en uj die wiih ivtq 

rodi iifid HUE milt iti the 
titucr layer, Tnnxic ap of re- 
ctprnr nruioim. il /VIrcr Wiu- 
^n.J 


epithrlium of the retttia^ which rrsis against the choroid. 'Hie inner layer 
of the cup forma the ncm'ous portion ol dir retina, composed of thiec 
sets of neurotM in series with one Luiother, ttamcly: pbplorrrcpitins, inter- 
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mjedinte neurom, and ganglioruc neurons (Fig. 7l0j. The retba terminates 
ahniptly near the {Kriphny «f the ciliarj" ring, aithnugh ilcrivatjvcs 
optir Clip ctmtimic alting the inner portion of the ciliaTy body anti ins. 
irregular autcfiur margin of the retina is known, as the ora s^rrato (Fig. 

709). 


The photarte'gfitpn, tnd* and cor*?, arr neTti to the netkial pigirreni ccUs. 
from which fine rytopla.smic processes extend down between the nuicr seg¬ 
ments of these receptor celk (Fig, 711), Cones are primaiily cctncetned with 
color \'ixion, while rods are chiefly usefid in colorless vision at low light 
iiiteiuiitta. According to the most reliable rstlmalcs the retina includes 


fig. 711. DiagTBji) itiowing dcmJI o! nmeture of the retina. 

JL L pigmaii cpuheflum; %, pmecMci nf ptHmeti} epitheiiuEn cclb: 
5, rods; red nueld jiid liben; 3, cuure; 6^ tone libera; 7, cniir Uipciliir 
celh nl inner nuctexr [ajref: 8, irealiir «Ili nf pmgJIun Ui-rr; 9, Inrger 
gnugiiiin «lb; l(t, gangtina cell aiHiu firrreing nerve fiber luiner; II ond 
12, bnrhnntiil cdk; 13, 14, !3, »ntt 16, arniir-niic celt)] III, nniroglia 
cells; 19, MiiUer j liber; 2f), rwl bipolar cell of inner rercftBr layer. 

^ I, pigment cpiihelJLun; 2. layer of redi ;onl umm; .T, eatemsl 
liiuiiing membrane; t, oincr nueli-jir J.iyet; 3. ouicr pJe^ifomt layrt; ti> 
brer tiiiclrsr l ayrt; 7, umer iilngform layer: B. layer of g:tn^^kHl ccUh 
*J, nerve C»rr InyCT; ID, lUrmal Itnurirtg mcmbnoc. (from Smith 
CupenluiveT. tfoiWfi r«i iJoid Hututagf, eopytigfat IH-l by per- 
tnUiion of Willjiurtt and WilVhM, puhlliben.} 
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7,fJClCI,000 cmtA md IDOjDOOjOOO or tnore rods, all packed closely together 
like tiiatches in a boi^, each mie regu^tcring a smgle point of reflection from 
oiiuide illuminaiJon. In the human eye, rods and cones differ nwre in size 
than in shape, yet tlidr names arc still descriptive of their form;. 



Rg. 71Z Thr hJhtd ipo' of the eye. Hnld ibe blw:li fijnir KOright in 
[nml of ihe eyn about a foot disiani Close the left eye and look ta 
tfw white ctosi. You wjlJ lee the njund white f|»ot atei. This ewre- 
ipondi to the first pcwiiion ht the diBgT’^tn^ Now gmdo^y mave the 
pvge towanl jour eye. When yno Teaeh the scpotid podtwn the rouiuf 
spot will diaappeBr, because the tays ijf light fnim it now Eall u|aiii 
the [dace wheie ilu optle nerve cnirm the eyeball and not ujxjft the 
fpda onti cimics of the retbuL 11 ihe p^ge II tniwed stllf newer, the round 
ipnt wih reappear, beenuse light ixflerted from li rurti’nrifees the tethBi 
on the other aide of tht optlr nerve, as shown by pontiint Si 

Vmon Is tlepcndcni upon photosensitive pigments found in the outer 
segments of rods snd cones. The existence of inch a sttbAtnnee, calicd nj'ftmf 
pur pit or rhodopnn, has bccfl known since 1 B 76 . It is abundant lit rods and 
was at one time thought to occur m small quantities in cones. It is now 
belirvxd that cooes have a somewhat different pigment, nttuo/ violft or 
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iodopnn. The production of both of these pigments is dependent upon a 
supply oi vitamin A. It ha* liiug been known ihai hnproper diets may roiilt 
in night blindn^ or ai sensiti^'ity to dim lighL Rcemtly ti has liccn 
ahovni that this condition resutts from the mabiiity lo ayiiihesj^e visual 
purple in the absence of vimuin A. Auiording to die photocbemicaV theory' 
af Hccbtt the phouiaciisiuvc pigment* afc detiotiipo^jcd by light with the 
fonr.d.riDn of various products, including ax least one which can initiate 
impubc* in the receptor cclb of tlic retina. 

KcuritOi of die rod and emc eelk synapse with bipolar intermeduiie 
neurom which in mm connea with Urge ^ang/fomr n^rtiro^Lc [Fig. 710). 
The neurites of these gangUonk neumns form die optic nen.'e, after running 
a<™»3 the inside of the rninu. The point where these fibers converge to kave 
Uic eyeball is known as the ^fisk dhe^ or the blind spot. Siticij photovtceptlve 
nxla and rones arc not present thcrCp rays of light striking it are not seen. 
The blind spot is like a photographic film with a patch of its surface 
scratched off. The presence and extent of the blind spot in the readcr’js eye 
may be easily demoiistruled by refererstc to Figure 712. 

In the fitralnin of the intermediate cdb there are cross-connecting 
neurons, horii^^ntfd esUs and umaciim cells^ which join togeiber various 
retinal neurm^ There are also non-ncrvToija supposing fib^ri of Aiiilkf 
extending ihrough nearly the ctithc thicknea of the retina. 

J[ will be observed diat the rods and cones, unlike otlier sensory^ recep- 
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FijS- "1^ Diagrammaiir tnuifvme Koioa ttirTHigh the hcid of a hvpch 
tlirrieal verkcbr^lt ciuhrytij LbiiAtrTtlni^ B:iJf{]ur's theory ro account for 
the bi«nMm of the vLniiil the vcnriEr-ie rfcthio. In the iincgumeat 

the viiual crlli fate i^jjtwnnJ tuvi ud i>f llglu, TIrr ouity of the 

optic cup ii seen to be oaotiituoui whli ihe nutiMr ot the ^uiiiriak jcd tliir 
inriADC' of (he retina iiCAf ijj the cavity of the opU'e ctip If ob'^'^oiiiJy ewn^ 
{xnabic lo the nui«r frirf^re ot ihe inTcguTnimi. Htmct (he vlaml crib in 
the reima Wc towrsrd llir of ihr eup. and asray fmni thr fvtiuide 

or ihe tyc. TitiJi tit fciiTm ii Jiivartcd^ fuLin^ aM^vy fmm ihc toitfcc of 
illumimitloe imicac] of tuu^ard \l Fiurkfr.l 
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lots, point away from the source of stimulaiion. Light, upon rradaing the 
tetiiia^ fitst cncoimteni the nou-receptive ganglionic and iiitcmusliatc tdb 
before coming to the receptive rods and canes. This itufersion of the retina, 
vharactcrisuc of all vertebrates, may be explained, as Balfour suggested, by 
the embryonic history rd the retina. According to Bi^oitr the tods and cones 
when siill In the surface ccltwlfTm faced the outadc world from whence 
the Stimulus of light came tFig- 713). Willi the UivagUiation of the ccnual 
ner\xnis system they would therefore face the cavity of the brain. M the 
cavity betweep the two layers of the optic cup is really a continuation of 
the brain cavity, the receptora in the nervous portion of the reuna w^uld 
face this space. Thus the photoreceptors bead toward the pigment layer of 
the retina, or away from the sourec of lighl for the completed eye. 
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Kg. 7H* SeciloM tlirotiBb the Imraan fovea (After Sluhr} 


In Che pcierior pan of ihc retina in the cTnect line ol ibc vtacal axis is 
a amaU ycUnwisb area, ihe maeuln Jiiteo. In its eenicr it a conical cfcpt^ion. 
the fooea centralis, where the ncn>ous portion of the retina is r^uced to a 
(aver of receptor neurons, as a result of the spreading apart o c uiterm^ 
dime and ganglmnic layers (Fig. 7141 . The floor of the fov^a, ^ctipicd by 
several thousand Jong slender con« closely packed together, is the region of 
greatttt visual acuity and color perception, due in part to the great niimlx^ 
of photoreccptois, all cones, hreated here, ft is also possible tliai sprea - 
ing of the inner layets of the retina permits a freer pa.^gr of light to the 
photoreceptors. Recriidy Walls has suggested that die sides of the fovea may 
Act as refracting surfaces which bo enlarge the image that mure photo- 
rcccptois are involvietL Thus a clearer image resulLs from the inrreawd 
tcsnlving power in ihcfoveal area. Whenerer we look direcdy at 
the image of that Olijec! falls on the fovea, while the light from neighbor, 
ing objects, entering the eye at an angle, falls upon the rmfa an H’att 
roiiB that are distributed in the retimiJ areas outsitk- the fovea. 

t.iRht entering the pupil of the eye at an angle instead nf dirertU m 
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line with the ^Tsiial asis {alls upon portions of Lhe retina outside of the 
fovea. 1 l tniist^ tbercfnrr, filter through and between the IntcrveTiing, 
intcimeiiiaie ojid gangJiotiif ccEh of the retina before tt reat'hes the receptive 
rods and cones whose receptive ends extend lirtweeu the pigmented ccUs 
uf the crtilcr retinal laver. The amount of light tuariiing the rods and ranes 
under aU these didlcijlties b legulalrd, as occasion demands, by the iris, 
with its adjustable pupillary aperture. 

The fi^nJ is a ceflufar bieonvex struetur?* in which the entnponent parts 
iKcomc transparefit. in ronpiictior with the romca it sen'cs to refract the 
rays of liirht which otter the eye. Thus Lhese rays ,ire concentrated or 
fiicnscd upun Uie retina, producing a sharply deftm-d replica of the extemaJ 
scene, niiit h .smaller m si% than that which i$ presented lo the eye. The 
anterior fare, which is somewhat less convex tlian lhe pmtcrior, is in contact 
with the pupiflary margin of the iris. SuTTOiinding tlie lens is a highlv 
eLutik capsule to wliirh the roriHifir fibers i fibers of Zinn), whldi maJtr up 
ibe siispeiisory %anieni5. are .Utached near llic equator of tlic lens. Tims 
Ihirsc fibets extend from ihc ciliary body to the Ims capsule. 

In I hr resting ere, the shon amubr fihens exert a tension, w hich .««ime- 
what flailcjis (hr Jens. cspcciaJIv its anterior surface, fn iJijs state, ima,gre 
of iltstanl objects are sharply focused on the retina, \Vhen the ciliary 
Tmtsfic* cfintrntt, they reduce the diameter of ihc ciliary Ixidy thereby 
decreasing the tension on the Komitw fibm. The elastic' lens capsule is 
ihcrchv allo^^ed lo modify the .^hape of the plastic lens so that it is more 
uphmcal, a rhaugr that is most pronounced in the anterior pan of the 
lens (Fig "l.rK By these dclicatrly conimlled cliangca in the shape of the 
tens, htiagw of near objects are hrotight itito shaqj focus on the retina. 

There arr ihire rdiamljers, or cavities, in the eyeball I'Fig. 705). The 
large space bciimd the tens, and nearly surrounded by the retina, is the 
,hnmher. containing tiie r-ifrco,« body, a iransparmt. |cUy-like 
maa. Fjtrnding through tills body, from the concavitv into which the lens 
fits to the VTcmily of the ''blind spot,” is the h)Mt (anol, through which 
an artery nms diirmg embryonic dcvelupment. Between the comca and the 
ktiA are two sp,a«s which tommunicaie with one another through tltr 
pupil. In from the iris is the anterior chamber, lieliind it die fiortsrrior 
chcmbfT, holh of which are filled with a watery lymph, the arjaeotis kumor. 

Communicating lymiph spares ,rot ak> present in the evrball. Around 
the ntiler mai^ of the anterior ebamber U a loose spongy tissue rontaining 
many spaces of Funtanu whieli communicate with the diamber. Ncarbv, at 
the ^meo^ieral juntdim, in a circular channel, the eaoal of Sehhmm, 
which cmnmnmcatn. wnh neighlmring scleral veins by a score or more of 
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Figf. 7r!k Din mm llJustcatiisg the process of ncrotomcMLHitiii in the 
h iim nn eye. For near vriiipn the dLiory iniiiielcs cfmfrart, dmwiaif the 
TT^on B nrjmr lo the irgioa a. The teni^ii^ upoti the rilbfy ligamni! 
being ilimliikhed thtnrlrj't tlie Ecil% j&uium n more spheriLuJ hhupe, 
diirll} in the direr don nf die comes wirh n LoniaqucuL dE^Inccmeiil 
aiiterkirly of Lhc Iris. Tlicac chnsriK^t are Indicoicd hj broken Ihiei; in ihc 
OHr, of rhe irb, nnttrnnr jurrant U shcmn in Thr dis- 

pbiTcd pokilioru (After Toldl. j 


snuU branches fFig, 715). Atthrmgh there are no cpeiime^ from the spaces 
of Fnntana into this oinat it is believed that Jlthd from the anlerior chatn- 
her entering the Bparcs iif Fontana may pais Lnio the earia] and thence 
into the HtoJ ^rcam. Poaybly rxeesa 
fluid is jTcinoveci from the eyeball along 
Ttm pathway. 

(e) AccMory ParH.—In addition to 
the cyrbaU itself there are certain acces- 
sory atructnnes, rtamelv, exmttsic muscles, 
glands, and diutier-likc evedids and eye- 
lashi^j that are pans of tlic cam plot 
vertebrate eye region. The extrinsic miir- 
eicf, that enable the cveball to lace in 
various direct ions without mtuvmg the 
entire heati, have already been Consid¬ 
ered (Fig. 5B4)- They arc inserted on 
the outside of the eyeball far enough for¬ 
ward so ih«t, when contracted, they do 

not piiil direetJv against their point of aitachtnent, but against the curving 
uirfaceof the tyehalt, thus minnniziog the liahiiity of tearing loose (Fig. 716)* 
FvehVj are transverse protective folds of the skin that close like shutters 


Fig. 7[6 l DLa^ram la ihn^' IhAl ihr 
ryi^ad nuitclizSi -Uf aStAdufd m far 
furwjrd dliil diey puU dignitot ihr. 
ildc of ihc e>-cbalU an iudicaicd by ihc 
arrerw, nrsiead of dlrccrily at their 
poiut of miertinrt. 
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over the front face gf the cife. The mtier Siurfuec of the lidii, the con jnnciUta 
pelfufbratum (Fig, 717), is a reddish mucous tissue continuous with the 
conjunctiva bulbt that extends over the eyefiall, making a thin lianspiarcnt 
skin on the face of the comea through whidi light rnnst pass on its way to 
the retina. The upper lid in man h larger and mote movable than the lower, 
;ind the aperture between llic lids, of the patpcbrat finun, is rather wider 
than in most mammals, sitowiiig some of the w'hite sdera as well as the 
tdrciihir transparont romca. 
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Fig. 717, Virrtkiil sertfon rhrriuidi thp tipper eyrlld Jtnd outer part of 
ejji'liuJh Niitr tiuii irjmjrmiTiv^ r'u, [ti ifik fifurr) 

nirtuii. « Ilf the fjynild, uhHc c. p^iprkniriuiL ijieti in thr t£%x) mciim 
c, oi tbc c>EUiJ£, \Ai\tT ToUl) 


llir edges of the palpebral fissure are supplied with a double row of 
eyelashes, larger above ihan below, which guard the scmwiive r^onjiinctival 
siirfaro against diot particlr!i and sttnifar unwelcome inttrjmons. 

In the inner angle of the rye there is present a venical fold of the 
conjuncd%^» bulbi, caUed the plUa semilunam, that in many vcrtcbniies 
been mo extended into a mnvable third eyelid, or aictitating membnine. 
lying under the other itvo and rtoaing over ilje eyeball from the inner angle 
outward (Fig. 7IB). 

At the medial end of each eyelid is a small opening, or punctum 
tammtile^ which leads into a slender c.mal, or fucritiiBf tiutt. Tlie ducts from 
the two ey^cUdji lead Into a naioknimtil eamd, through which the excew of 
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Lears produced by the latrimal jrlnnd b ardiuaril) drained into the nasal 
ravitj’. Media] to the pika and betwciTi the two kerinial duels is a smail 
reddish elcv'aliori of the canjiLnetiva, The lacfitttulti^ which ptuh- 

Libly has io do with rcgulatiiig the cstiape til icare through the nasolaeritital 
ranaL 
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Fig* 71S. Fmnt vkw of Wi rye dioniog ptEc-i sriniJiuiiids, caruJiaOa 
LieriziLdUt juid Licrinmi JppiLratus- {After Groyi]! 


Between the otiier slriii aiu] the Inner cpnjunctiva palpebrae each eyelid 
IS reinforred l>y a stiffening tibnQTnuscolar layer^ the larsal coatairiing 

nuntertiiis Ai^ibomifin glMiiSy that pour out an oily secretion ai the littier 
edge of the eyelid (Fig. 717). The oily film pnidtjccd by theac gtarufe ser\i^ 
ecsnsLaniJy to Seal die Inner margin: of die mfiiing lids tu the surface uf the 
eyeball and, when the cyr b ctimplculy closed^ to bold the rnETgins tjf ^hc 
two lids tcmptjrarjly together. 

The {a^rimal ^hndi open iadde of thr upper lids by icv'cral short ducts 
at die outer augh of the eye, Tlw occasicinid occurrmce in man of larrimal 
glands opening inside of the lower lids (Fig. 159) is a rittniudcr of the 
evolutionary jokimcy they have made in order to arri^T: at their present 
position. In amphibians and reptila these glands open inside of the lower 
lids. 

Teurs arc a watery accretion from the Jaciimal glands and are contin¬ 
ually producedf flowing in the fonTt of a thin fUm ov^er die expend stirface 
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*il the eyeball, to dtatn eveatimUy through the puncia lacrimalm into the 
nasoUii rimal raoal, at the inner angle uf the eve* The>' aervx not only to 
keep the conjunct]i-al and nasal membranes moist, but also to clean the 
surface of the eyeball of foreign particles that may accidcntaliv find loilg- 
mcm there* 

>N ccping. which is accompanied by an Dverflow of team, is peculiar to 
manJeind* it is appuireriily a phylctically recent acquisition connected with 
certain emotional states iliat are not present in lower anhnals. Consequctidy^ 
as a comparative anatomist would expect, a human baby c*iiinot weep, in 
spite uf the presence of lacrimal glands, until it is about six weeis old, 
although it may repcaiedJy demonstrate its ability to ''cry." 

5, Median Eyes 

An EuiccstTal median eye, cither the parietal or the pined body arising 
from the tiorsd dienccphaLc legioii of the brain, is laid down cmbrvonicaJlv 
tn nearly dJ veriebrates. 

In lamprey eels both smictorcs, parietal and pined, are represented 
as a p,iir of urgam with the parietal or^an on the left and the pineal on the 
right side respcc lively, or more commonly with the parietal organ crowded 

amund into a position anterior to that of the pined body or beneath the 
latter i;Fig. 719), 





■^r Pruirtal orsaj, degenerates in the cydostomes, most fish«, and 
aniphibians. but develops into a sinictttre resemWing a true optical o™ 

f »tcgorcph^ had a ronspituous foramen through the top 

^.nK Uhid. «„ p„*,bly for d.. accomn.od.tioo of com. aort of . moduo 

cyCb 
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Only a Imtc of the parietal organ rwnainfi m birds, wjiile among adult 
mamiiuds it entirely dbappearE, in nmny cas»a in the embryo as well ai- in 
the adult. 

fi. &impaniiJ\‘e .'\itatiOiny 

.‘\mphioxus.— Eyes are absent in ampbitaxuii, but numerous photo¬ 
receptive cells occur Id (he nene ford, tlius rendering these primitive clior- 
dates setuitive to light as it pctieiraies through the semi-transpamit tissues of 
the body# Each of these cells has a pigment cup associaCcd with it [ Fig. 720). 


. Pignwnt Cup 
iSliEdId) 

Ogl-sr and Viif^ous Sodi*s 

A B 

Fi^f. 720. Pliotnrfi^eptnn of AfnphitmiL A, SEngitU] weticra thrms|^ 
vcntml part of spicul enrd *Kr>wiiig Isj^l cciLs In sitii; A iight 

cclj find il» fihkW (pigment cup), nrrvti witiiuga tuirDunaing 

tlitt st-^caJIed vitfcoiii biuli« of the cclL (From Rjppn^ Huber and 
Cimiby, C&m^rmivr Arnuomy af ihr. Nrrj.'nui Synrm nf 
hfUTtij inehiding A/yif, c:opyri^t I9A6, by paTnisairm of Tlir Mioonillaii 
CoinpAny, ptjbUahcn.) 

{b] Cyclnstomes.-"TIie cyci oi cyclt^lomcs aie dc]^cQcratc ratlier than 
primitiv^e. The eychal! b fot tht muai part sremU and biiricd under a [hirfc 
skin. Il lackn roniea, Iris^ lens, lids, and ciEarj^ apparatus, although Gefitna 
macr^phlhfdmmf a fresh-water e>x:Iosiame from South Americ^i. iLiving 
iitiimiaiJy large eyes as its name indirateSr h an exeepiion. Thrrr no 
difTcrentiailQii Into rods and mi^es in the tctlrta, for oiilv cionj?ated roeb 
are pnaicni, indicating that rods, whirh are adapted for the reception of 
shadowSj and the jnovnncnEs of external obiects radier tfian for thr 
rereption of coloi??^ are phylogcncticaJIy older ihiin cones* 

(r) FUhr^,—The is pren-ided wiih a larg^ roimded 

comca^ thai aids the sphcrkol lens in foctidng^ Partial rompens^iton for the 
dillknlty in seeing both forward and tiackward with an eye placed ors the 
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side of a rigid dcddiss (itad, is furnished by the lens that pro jet is thrnngh 
the pupil agairtFt the cornea, so that “ras^^' of light coming at an cxira wide 
angle are caiighi and concentrated upon the retina- 

Eyelids, ivliirh arr plainly simple folds of tile sJitii, are present in maiiy 
elasniobranchs but iint in other Fishes. The outer scleitidc layer is frequently 
reinforced by caitthige. Tlie eyelids ol the hammer'beat! shaj'k, Sphyraa, are 
I’irTular. which is perhaps tlie pr unit ice form of ail eyelids. It b easy to see 
how closure: rtf the eyelids would be greaily facilitated by modiJication into 
upper and lower liiK 




A tundum, a hiyrr composetl n( pjgmcmt and light-reflccting^ 

crystals, is found In die center <jf (he cJioroid layer in cartilaginoii-S 
Gshe^. In tiic gutrr part of the chniYiid scime telctists havnj Xk silvery gr 
grccniflli-^uldcn Jiiytr called ihc arg^nUa, that likewise ants as a irftcitor. 

The eyes of tel costs vai y greaily kisize^ being large in pt'higic ca-rtiivomus 
Eishcis anil certain deepsea Uitim dwcUine in regions of dini lights hut 
ID bottom fccilri^. The cyebaJI is tisijaily much flattened on the front face, 
so that the optical ax:iH k shorter duin ihc diameter through the equator^ 
No eyelids or glanduJar devices to keep thr eyeball moist are present or 

needed^ but the unblinking eyes arc in 
S{ime meaiurc slijdded rmm the iirtpact 
of vvatcr during locomotimi by ihclr 
lateral fKXsition. 

Pertophthnlmm, the ambitious tmp 
ical eiinihing fkh that crawls out of the 
water and Ucs m wait for flying insects 
upon the neriid nmis of mangrove trees, 
has m far improved on the traditional 
fish eye as to anticipate the winking 
disappcanTig eye of the frog, which c»Ji 
be d<'presicd into a pmttetb'c orbit in 
the skulk tMf popped out at wHl to view 
Uie surroundings,. 

Certain deep-sra fishes possess sn- 
called v^uth eliuigalcd 

cychalLi. oiormoiis spherical leases, and munded corneas dirti ted upward 
and pomtnig towards the ioutte of the dim light a We thE:m i Pig, 72\)- 
Fotusing h acciMiiplifchLd as m a camera by shifting the position ihs 
tens with reference to the sensitive irtina, while in higher forms the same 
rrmli h brought about by tfhasfging iht but not the position, of the 

rlasiic hm. 'Hie tryra of fehes arc normoljy ncanjightcd. that b, they arc 



Titi* 721. MrdiEin icttinfi tlutnt^b ihr 
lElrscsple ej-c of a deq^i^ fnh, Asura- 
pfficsiLSi ronipami with tlic dotted oiit^ 
line of the usyaJ eye of a 5i}i, [After 

FrjUi,) 



Porta of Erjtr^^ ^5^- 

accammodat^^d in near objects when at restj $o that fcmising^ by shifting 
ihc po&itiDD of the tens ts edied for only when mart tlkbint objects are to be 
brought into clear vision, iti dthrr case ii is not ca^ to jjce al a distance 
Uirough the denser light-absorbing mediiim of water. The ciliary procesRcs 
and arc small. 

The mcvcmoii of the lens within rhr cyebaU of a relmat fish, but not of 
an elitsmobnoich, b probably aided by the pr^7feJ^lr^ fakiformis^ a sirkle- 
shaped oJTran containing blood vessels, nervea^ and muscles, and having an 
enlarged rad, the campanuk HaUeri (Fig, 722). It exienda from die j-horoid 
through the retina Ui the bar k of the lens. There is apparently no focusing 
device in the eyes of clasmobmnchfi. 



Fig. 722. Diagrumniirir V'crf^cal section tiirougii thf c^t of a {elroJFtr 
Satmo. {After Parker and !hi|:widl] 

Most fishes arc practically color-blind^ for a histological examination of 
the rerina reveak a great scarcity^ or an entire absence, of color-receiving 
ctmes^ Some marine teleoits havT a fovoa^ 

In fishes tlicrc are marked changes in the rttina w-hen an animal U 
transferred from darknesst into light, or the reverse liMippenai (Fig. 723), fti 
a dark^dapted ainmal tlie retmal pigment has receded from around the rod 
and cone endings and collcaed m the basics of the pigment telR The conca 
have elongated somewhat, wdiile the rods have ahortriieth with the result 
that these two types of celt are of approsimatdy equal lengths. When such 
iut animat is exposed to light the pigment migrate away front the hades of 
the pigment ccUs, the cones contrain:, and the nxls elongate into the pig¬ 
mented area- Many believe that by these changes the highly ^nsittve outer 
Aegments of the rods are made more accessible in dhn light or darkness, yet 
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pnitcctcd from cxcessiv'c exposure in strong light Itl this manner the 
Tttinsil ciunges supplement ihe acd>ily of the iris m regnbitin^ the amount 
of light wliich rcathca thr photorcceptoTS- This Lheory lines not explain 
ihe behavior of the times and k gpai to other chjections, yet various other 
ttieories which have been proposed arc equally inadequate. Further data 
are needed before wc can hope io understand the cumplex aclivilies of the 
retinal elements. 
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Fiji. 721 A, dark-adjjitfd, and s. ligHl^dapf^ ictinii* of Amf mruj. 

Iti A iLc pigment hm rcct:d^'d idv^nl die i"hrirviid, (hr iiuirr tarinbi^r 
of tht irmrc doui^led, and the Itinrr mnjiber oi ihc rm| ihumiiirti 
In n, thrw pmcca^x Ii^evx beoi fc^rrsrd r Frum BetwHcr, V^nebrsif 
Phf>ti>r^£fpi0tt, rMpvnsFf i^\K % pcnmwtlon of Thz Macunllui Com- 
puuy, pubiuhriT. Alfjcr Arey.} 

[rf) Amphibians* In aquatic uroddes gcncralJj-^ the eyes arc small,, 
withmit lid\ and nften isunken into ilic sltin. These aninials apparaitly sec 
wi!h eomudcmhlc diffitulty, and then only nearby objects that are in niotioTi- 
Even the atmraite, those amirfiibian arieldcnits which an: afjapted to bfc on 
land, poBsefii pyts in many particulars simpler than those of fishes, for. 
although eyelids and eye giands are present, tlierc is no tapetum or aigenica 
aEsociaiL'ti with the choroid, and the retina possesses no lovxa, 

llie small Irns in the amphilDan eye is tio longer splirrical but osnid. 
It b tncaicd mtitcly behinti the iris, gii'iu^ space for tlic anterior chamber 
of the eye, while the c^ca is so ffiiinded out s» to hare the focusing value 
of a second Icna. making thr animat shortsighted in air when at rest, bnt 
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fani^ted whm suhmei;gicd tuiclCT water, since the conjca and fluid in the 
anteiuur chamber ha^i practically the same refractive inJes as thai of the 
water outside, with the result that the comca fails to focus the light as it 
passes through. M in fishes, the poaition rather than the sliape of the somc^ 
v^ lmi melastic lem is changed in the process of ftscusitig, the ciliary muscle 
and processes being-mdiiricniaLryp 

The nictitating memtrranr in a frog^B eye, unlike that of higher %Trtr- 
l^to, is derived set'ondarily from the large lower eyelid and is lubricated by 
the Hatdermn gbindi, which open into the conjunclivnl sac beneath it along 

the lower eyelid, PhylogcneticaUy these art the earliest form of lacrimal 
glands. 

The iriy of the eye in many amphibians is brilliantly colored, being fre- 
queriUy golden, or shot with yellow Hecb, 

\\ hich like die toad, ugly and vcnamotis 
Wears yel a pi edouf jewtj hj his head.” 

The pvpii shows much variation b shape, ordinarily heing round, but 
transversely oval b Rana and Bufo, vertically dhptkal m Ahtes, and some¬ 
what triangular m Hombinator, 

The ntxls b the retina arc considerably more numerous than the cones. 
Migration of nrtinaJ pigment is extensive m these animals but the rods and 
cones do not change b length to ibe same extent as b fkhes. In urodtlcs the 
length of the rods is not altered by changes m tUiimmation, 

{<rj Reptiles.—The e>i» of reptiles are always decidedly btetal in pfei- 
tion, so that they have liidc if any common field of visioii. A Ibard, for 
eJs ample, may spfjokily roll one ew upw ard and the other backward or 
fonviwd at the Jiartw time, thus seeing independently in two different direr- 
iioris at once. With the necessity for adaptation to hfe on land, the reptilian 
eye is safeguarded against iticreasing b>‘ means of glands and well- 

developed eyelids. In addition to the stuall upper and the Larger and more 
movable lower lids, there is a transparent nictuating membrane insdeof the 
patred cyelitb next to the eyeball. Harden'an glands -uipply this third eyelid 
dong the ventral border, while Inic lacrimal glands for the firat time appear 
jn the region of the outer angle of the palpebral fissure. Bi>th Raitlcrian and 
lacrimal glands find an outlet for the exens of their secretions in the naso- 
hirrimal canal. 'Hjat the differeniiation of tear glands is a comparatively 
acquisition among reptiles is indicated by the fact that Spfnrno/ion, 
wb'ch represents the meet ancient of surviving reptilian tvpcs is without 
'far glands. 

Snakes, geek™, and certain limbless liicarth, ihing in mtimate contact 
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with the ^roimd, taek movahie eyelid.^ Theit ^taxittg ntiwHtiking cys 
protecied by fiscU Iran^pafcut goggle-Uke witidawA ul skin, ^hcd in ecdysis. 
Such a tnui'ipiuiGjK window in the closed lower eyelid allows light tn enter 
ind h at tiie same time 3 protection against blowing sanA 

Considenible advance over the amphibinn retina is shown in the nelativt 
number of cones as cnmparrd with rwl^. In fact diurnal lizards have no 
rods^ while some dluuial tiinles have vrrj^ few. Cmtodilct, which have a 
retina ridj in rods^ are well adapted for noctnmiil vision. The dinmal li/Jiitls 
have bcEtcr dcvclopt^ti foveas than are found in any mammals Including 
man, Tltr ids of die reptilian tyc is frequently highly colored^ and in some 
lunle» may even be of a difTercnt color in die male and female of the saitie 
species. The pupil is usually rounds but it may be slitlikct either \t:rTkally 
or iKiri/xmtiilly. 

Till- reptlliiui 1cm b lesA rmves than that of amphibians. Further, for the 
firiil time in vertebrate evolution, the lens is clastic so that focusing is effected 
by the improved methad of clianging the shape of thr lm,% rather than hv 
shifting Ll% pri^itinn as in jiqiialii: vertebrates T\%t ciliary processes anc well 
developed and the large ciliary muscles arc composed of striated fibers^ a 
liomlitioTi found in no other vertrbraics except birds, 

(/) Birtk.—In eveiy vrrtchmtt class ^xc fpt iirdr there are certain spe- 
Cics that aie cither blind or possess only nidimtntary^ eyes^ but the sense of 
flight is ah?^3l^tJely mdisprnsoiik tn these highly niodifird aviators in the 
Krniggli' for cxkttnrrH Allhuugh glands and mu^cs of the eyeball art better 
devxioped in mammals, Ixith in roinplirated structure and efficient working, 
no other vertebrate eyr^ cxccb that of birds, parricubfly hinis of priy* The 
acro-mmi><:lation appaiatm In the bird's eye k espcrlally rapid and effective, 
C.‘hicktn5* with their eyes focused closely on the work of picking up small 
grains of lootl Fiom the ground, become instantly aware of a predatory 
hawk, sailing llkr a vanishing speck high overhead. The same haw^k ran 
drop witli fatal preebion upon a dny field mouse from a bright that seems 
incredible to the pr™*5wqr of human eyes, 

Tiic tyc ill birds k ntbitivtly VTiy brgCj each eye occfipying fully as 
much space In the skull as ihc eniiie brain in some cases 1 c_g_, the owl i. If 
proportionately as Urge as that of a hird, ihe eye of an average^ked man 
would weigh* sicrorditig to Tiedcman, a.v miirh os five pountfe. 

The eyeball of most birds is not spherical, since it k toiistnctcrf m the 
cilLirv' zone hy a ^derutiL ring in such a way iliat the comeal irgion become* 
projetiing and vrrj' cotiicjil and iht poslmo. part larger and more flat- 
lened (Fig. 724), 

In most birifc there h a prrpomleraurc of retinal rimes. 'Fhc ryr of some 
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Tig, 72^, Sc-litidiiiiic Mclkm ihnsii^b Lbc ryf^fajll nf s bin!, Sirh. 
I After Hflllrr J 


bird& twu Fovtal [Fi^i 725% altlwin^ti iJic majority of 





these: aoittutb have qtily tine, 

*[7ic ciliary^ processes arc large and 
1(>D, Aiw In reptiles thr cUiary 
_ di^ striated. Both of these fea¬ 
tures are probably associaled willk the 
cxcdlrnt power of accarntnodatinii which 
birds posBiessi;. 

Projeciing mto the vitreous body of 
thr eye k att erectile fatilike organ of sev¬ 
eral foldsp the peeien. that bears a super¬ 
ficial resembLance to the piTKie^u^ falti- 
fomtb of the telpoesi cj-c^ lint is titii ho- 
tnologoiis With it. Thr pecten arises from 
Lhc poijtt of exit of the optic nm^e whfle 
the falciform process h a du^roid out- 
grcrtvilk The initial stages of the peclcn 
appear among certain reptilis (Fig^ 
726), w^hilc crabry™ic traces of it still 
persist in the mannuallan evt:. Its func¬ 
tion is nat tnB>WTi with certainty but it 
sieetm probable that it pl^iy^ u nutritive 
role and may also regulate the pressure 
of the fluids Wiihln the eve. 


fiunierous, frequently nmribering 


Ft^, 725* Seccififi ilimiigb the head 
of it ^nvallow, TffrAyriiwfff, 
ihr iwr> firvfiar ni each rye;. s% wm 
^ijual oi thr hpveac EnwJei^ 

H-i TH^ vhiiiil nKQ nf the frsve^e tem^ 
poralflL 1^^111 Dctwilcr:, gerfchrqte 
Phdtvrn^fptifrs., mp3rri|(ht E944^ by 
pemiultut cf The Miiirniiltan Cnm- 
|ianyp puldidim. Aflct Wood.) 


Since the iris of the bird's eye rontairis striated muscle fibers^ it is capable 
of more inlcraive contraction tban h passible in the case of any other verte¬ 
brate eye, ihr iris rrf which b fitted only with smcKith muiicles. The color of 
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the ira varies conaidcraLly boih with and scu^ and is charactcrmic for 
different species. In many pa mils, Ifir example, it b white; while in cchtoo 
rants it b green, in swifts blue, and in Virefl flhifaceiius red. iTie whale 
expre^on of the otherwifle immobile face of the bird is centered in ihc lively 
iris, with its invariably round pupil. 



Ft^. Oifig^rjmmntli: hrurmiitd! AedioD Uitrj|i|}h tile rtl Chamf^ 

i(rflip, ihtfwing TxiftirnctiT of and fekrotir curtilages. (After 

HtLiicr.]! 

llic niciii^iing membr^c is well dr:vtlnj>crl and ia particularty useful lo 
flying; blrds^ lik<! transparent gogglea over Lhc furx oi Lhc eyeballs 

thus pre^fmtiug a (low of blumuj; icrars dviring lUa^hlp whidi ]ii3rmally ’wooUi 
J>c lucki^jd by Uic ^silnuiladng conuct of air against the rapidly moving 
roroca^ 

Hardman glands air ustialLy large in the hlr4\ eyei, while iHe smaller 
lacrimal glandi occu|W the same position as in reptiles^ at the outer angle of 
the p;i}prhral fmEtirc. 

Owls have binoenbr vismn^ thailBs both eyrs are trained upon the same 
field simijltancoiuijy. In 4di birds the act of di reeling the eyes towards the 
sc»ijrrc of opdcaJ scLmulatiott k gxratly faeilitatrd by the fact that the 
extremely mobile head k mminted upon a pamtnUrly flexible neck. 

(^} Mamma b-—The mammalian eyeball b nearly ■rphcricaL The npp^^t 
cytJids^ uniite tliosc of other vertebrates, are liu^ger and more mu\"£ible than 
the lower eycljdi, while two rowi of q^elMhei^ tiibricatcd by ciliary glanck^ 
am added to the equipment The nictitating membrane Is poorly developed. 
Tlic eyelids of many mammals, mtii as mice, rabbiiSp and cats, are sealed at 
birth, opening oiily after several dat-s. 

For the inci?it part the tear glands mov'c around to an rxtcmodonal posi¬ 
tion, although FFardcrum glands along the Ventral niar|rin of the eyelids arc 
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Ijrfseni in whaks and sndi scmiLW|iJaUc furons a*: Hit oner, hippopoiamua* 
jiid scaL 

Thct« a no bony sderotk ring, bin a stificning carolagt is pirsctii in the 
sclcjTitic wall of ihe monotrenic, EchidtuL Tlic sclera of whales is greatly 
thickened and reiislani. possibly to withsland pressure Irum ihc snirounding 

The choroid of the mammalian eye is vrry rich in blood vessels, whose 
turgor may in a measure compensaic for the lack ol skdclal stiffoiinj; in Uic 
ivails of the eyeball. In many manunak. paiticubrly ungulates, cctareans, 
and carniyorts, there b a %ht-Teflccting lap^ium hcidnnt wilbm the 
< horoid laver, but in higher vertebrates including man it b ladling- The eyra 
pf a rat show this reflecting dcricc particularly wdl at night when liglils 
Itrnn an automobile Hash into them so that the eyes seem to glow like balls 

The color of the Iris varies among mammals generally as it does m rnan. 
Thus, there are blue-eyed goats, yellow-eyed cats, and brown-eved do^. 
[he pigment iletermining human eye-color does not reach its final shade 
until five or years of age. Aristotle, whose mind was occnpkd with many 
things, took lime to look imo babies' ey es and to note that they arr always 
blue at firec Smooth muscles art present in the ms. as well as in the ciluiry 

apparatus. ^ 

In certain tmgolato, such as goats, gaaeiles, camels, and tonci^ ^e edge 
of the iris show’s a peculiar modification, the umfiTiirB/um (Fig. 727), con- 
fisdni^ of pi.^nicjited, projecting;. granuliir fring?^ 
which permit a Icascncd amouni of light to enter 
thnrugh cdg €5 when tlic pupil Is 

wide open. Manv h^avy-hearied ungulate* have ^ 
pupil in form of a iTanaver^ttlv oval aperture that 
enables ihr animal to sweep ihc horiTon wkhaui 
swinging the head. In moP5t casc^, the 

pupil is mund, although cats have a vertical slit- 
like opening in the adapted to nocturttal et- 
plomtiotis, while ilie seal has a curiouft pear-shaped 
pupil With the wide end next the nose. 

The lens in the mammalian eye is still less convex than that of mptito 
or birds- It is more spherical in water forais and is relatively largest in ooc^ 
tumal and ntpuscubr animak, such as baL-^, cals, and mice. Nocturnal 
animab arc further characterLeed by the at«iice or paucity of color-receiv¬ 
ing cones in the redna. 

I>etwilcr says that mammals and nnm it is vt:ry questionable whether 
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fig. T37* Umbracuiuni In 
the irii ci a npina''» eye* 
tAficr Plate.) 
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pigment migration has been duuattstTated definitely in any instance.” He 
also doiiJjl5 die occurrence of any contraction anij cJongadQn of rods and 

Stcrctwcopic percepUan of distance through majignlation resuhing from 
tnnacular vision is especially essennal to animals of prey. Among mammals 
it is prcFEiu in some camis'ora and in higher primates. It b also found in a 
few sharks and myH, toads, and carnivorous blnls le.g., hawks, owls, and 
Some gulls). IjOwcr vertebrates with latem! eyes and two fields of vTsiim sac¬ 
rifice the more accurate judguamt of distiincc for a wider field of VTsion. 

It should lie remembered dutt a Mule more thajj half of the energy of 
extra-[fjnstrial light is appreciable to the plietlnrcccptors of the human eye. 
.^bout 43 per cent of Lhe spectrum at the infrareil end, and 5 per cent at 
the iiltraviulet end. b “out of sight." The 52 per cent remaining, that b. 
between elticr waves of 3U7 millionths of a millimeter in length at the violet 
end and 7fi0 millionths of n millimelcr in length at the red end, represents 
the entire output of photic energy for which the human retina is adequate. 
Witiiui these cxtmmtly minute Umjia lies die whole visual splendor and 
voricty of our color world. 


\m INTERNAL SENSE ORGANS 

Most of thr sense mgara thus far tonsidemd belong to the category^ of 
the ^xlerptefslon, that b, sense organs adequate to receive stimuli arising 
outside of the oTganism. Theie are, however, Hmsatiotis resulting In part at 
I^t from stimuli CFrIginatiiig within the animal body, whose mceptoE are 
Mule imtwn, but which uevcrtheleaj are functionally active. No doubt many 
of the gencratized scnsitiom. such as fatigue, nausea, “feeling fit” or ‘‘ma 
down." Uitk spedfir sense organs, being the result of the gcncial tune of 
^veral otgans working tcjgcthcr, I'lic problematical rcccptnra dealing with 
iniema] stimuli ImvT! been divided info pTof/tioCffttors. "located In the 
deeper regium of the body, stimukted only indirecilv Iw endronmental 
fortes, hut ottited by processes within the organism itsclT’ {MiiclielJ), and 
tnferecepferr. "located in the Mnlnga of the digeatiw system, und stimulated 
by cofiditiona in thb system.” 


1. Proprioceptors 

These .Hcme organs are closely related to pressure of some sort, acting 
f n through miBcJes, tendons, and Joints, as a "nnuiciilar sense” Iry mem» 
of which an idea of the weight of objects Is gninrd, and the relative 'position 
of diHervnl parts of the kxlv is realized^ f2i through intemaf r,^rirec*pt^n. 
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that give rise to warning rhcuinatic or visteraj pains; or (3) thmugh the 
jtemidrcular ranal apparatus, alteady described iti cotmcction with the ear, 
to secure equilibration and orieniatlon m sp^t€* 

The weight of any object k estimated by or "^hefting'' it, that is, 

testing by muscular resistmirc the pull of gravity which it exerts. For exam- 
plr it lakes twice as much ituiscular elTott to keep a ten-poimd hall fmm 
falling when it has hern lifted into tJhr air as is neccssar) to sustain a five- 
pound ball in the same Wiiy- The difFtFrtiLC in weight nf the two balls h less 
accurate!)' determined when they arc siniply placed in iuccession upon tlie 
hand while It rests upon a solid support without miKCular exertion^ 

The kinacsthctic Jscniie organs involved in the pfiKcss of ascertaining the 
weight of objects aitt located not only in the muscles, but also Iti the tendons 
and jerints. They are quite dktinct from culaneous sense organs of pressure 
that obviouiily supplement them in gning informatlnn about the character 
of ponderous objects, 

2. Interoceptors 

Appetite, hunger, and thirst are three distintt sensations associated with 
the digestive apparatus, for which adequate sense organs liave not yet been 
discovered, 

App£ii(£ k a pleasant sensation, not to be confused with huHj^er* which 
is an unpleasant senssiticm. It has been described as the memory of food 
nijoymcnt,*^ brought about by intcTual changes in conjunction svitb suidi 
external stimuli as the sight, odor, or taste of food- 

which is sntnetimes crmnecrusly referred to tnusctilar coiitrac* 
cion of the walla of an empty stomach, is the result of tiutriiional piverty in 
the blond, w hile the sejmtion cd thirrt, referred m the mucous lining of ihr 
throat, is due to an inrir^jis^ in the ssih content of the blotHi, that impels the 
anlnial to rcptace if possible loss of water from the body. If hunger and thirst 
w^rjT pleasant sensations we would not be so concerned to banish them by 
food and drink. 
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subctavisn^ 365. M7* 36S, 500; irnibiLicnl. 
349; vllt^Uinc, m, 348, 350, ^51. 364 
341, 345 
Arthmlcpt^f. 38 

ArdciiUr* 564, 565, 5W, 512, 573, 575, 
576, 57% 58!^ 582 
Artifnct, 100 

ArducUictyli, E2^ T3-i5^ 77, 376^ 6S7 
Anioi* 72 

Arytr^md, 111, 422* 4S3, 436, S72, 577^ 
578 

.-iifdnj, 455 

Aiddiafip 18 
Ailildkinp 13 
Afii* 72 
AitEf* L35 

AiuagaliLtip 625j 638 
.4£XP}ltfei^i, 663 
21 

AuUi, 25S, 460, 5ASp §41, 7§0 

Aibiirlf« hesrtp 188 

Atki, 534, 535 

Atiial ciivlly, lOj 33« 24* 389 

Atptikuiiiii 257 

AtrioporE*—Bfir popc, stHai 

Atnirmi of htart* 3S4, 353; pf limit 408 

Atrcjphv. 186 

Atropin. 750 

Juthtmm, 74. 253 

AadJuiryp Eratrr*, 716, 717; npivc, 708. TiS* 
7M, 734, 73b* 737* 74Z, 797; jki. 791; 
ti&c:, 79] 

AuK 57, 96 

AuHctc, 35S, 356. 863; itit. 35€, 359, Ml. 

Auiiimiioim# ll2, llSp 119. 123 
Aikioccniii, 497 

Au*crpft>. 188 
Aut^finmcri* 130* 13B 
AutPi4viic* S&4 
Avebury, ] 14 
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17, S^-a7 

Axil. 5M, ikclml, 522^ vuuol. fttlT 
Vnui, 66», 667, 6E9 
AtiImUp 113 
Azygm iTfltitmj 3?6 

BAckboisc, 25, m 
1S7 

BACtcriokfiy, 18B 
Badg:^ r, fri, 2fi5 

7», 4(4. 242. 662 

0«[fd«iiiipf^rdp 79j E62 
B;tJdTki!H, 257 
UAxroun^ 44l>p 814 
HflndkDor, 60^ 478 
IUnttno, 513 

2§0 

Baubp t». 244 
Bajbclp 3^11 

of fr*lhrrm* 24 3^ 244; reipjfatiitry, 
211 

Bumiickp 215 

BairieT, 50 

Basal pla4?^ 658^ 687 

^aastkm, 526, (^16p 6l9p «E4 

BjuibnixichiAl, 284^ 283, 543, £76 

Aaiidonai, 5;i^ 526^ 527, 528, 529, 532 

2^la, 2&I, 283, 563* S68 
auiocdpitoJ^ 5fi5* 567* 5Sfl, 579, 580. 593 
IBfijptrEyKiLini, 

Bfesisphrimid^ 567* 568, 577, 1550 
bitdyrntral, 621, 526, 52fl 3Z9 
llMDphil* 336 

BaI, 5S, S3, cnptijuirid, 341’ digtsthrc ijr- 
tMB, 205* 2r^7, 307, 3l3; fa rad Jig* 

7»; ifiinpiTtrttr. 201* 22(1, 232; 224, 
23^' udvDiif Avitrui, 677, 714; nrpro- 
diHilivr 5>Tirm* 478. 481, 4?^2| wing 
ikelflfni, £30 
B<Atoidra, 30 

Bd*U<niomit, 36, 27* 368. 3?K1^ 351, 442 
BraJi, 242, 273, 276 

BrjiFp 65. 295* ai>7| 429* 430, +80* 481; 
brwn* 64* Sl3, 233; avi^ 124- luariu- 
fdNl* 6E 
Brtnl. 263 

B*4ivi:r* 05* £1* 214, 221, 253* ^94* 307 

BfcLL, A. O., 5 

B4;tX, Sm Cbailles* 664 

Bdlv ol iBUsdcp 646^ 547 

B^aTp 5(3 

Shudji^, 231 

sale. The. 16* 77* 25!p 517 
Bile, 315; CVpIllBJinp III; diicrti^ 30S- 316 
319, 520. sail*, 316 
Wwv35 


Binl, air «rt, !1B7| aortk kmpt Tjuxlioitf 
367, mi s^ptadMga, 680p 631, 634, 
635; iK^k* 242* 273 j htwin, 7Z5, 720: 
briiathing* 417; brrediD^* 491; cIbw, 
SUB; clitorU* 480; coUe rar^J^ 260, 210; 
copiiLatPOQ, 473,, 477; dcvrloptmmi of* 
165-173, dif^avr 270, 272, tar* 

788, 794, S03i +5l» 48^ 486; 

TODtJi, 3tK}, cpidriuiol ^bnili, llB* 
218; cpaplLyu# (pineal ^OT ^ 

etepbaeus* :m, 3^: tryr, 626, 827, 618 j 
fcaihrix 243-249; fttaJ cmvrloprv H. 
486; hand psJAtr, 3Q2 - Jirart, 355; iiitrgU'^ 
mrnt, 201* 213, 210, 242: inlMiiae* 312, 
315: jawj* 364- laconioljoti^ 519; Lungi. 
408, 108 L bmph hi!3ru, 379; Inruitlaei* 
G85(p 700; TUfiojirphrofl* 443 j mrrane- 
phrctt* 445; mpulli 276^ 279; 

mONlh Dprninfff 274; rnuuJe^ 655, 656* 

660 : dfCaiipatal condylr^ 567 ^ 569 ; ov^iy^ 

455* 461; paiathyro^ ^knd$, 502 pec^ 
icraJ Rinih\ 622 ; pel™ Rirdk^ 614, 616 j 
penij, 477 j rib*, 547; tralri^ 2!3p £33; 
khm Dr^Bui^ 774, 777, 778, 770, 701; 
UtrietDA, 5t8* 54B ; ikuU, 566 - 502 , 5 f®, 
690; ipBrs, 2^2; itEmuiu, 648^ £6l, 552; 
H.tmiiiic:fa, 307^ 309; AyntaL^ 422, 423; 

U^rth, 2^0 f 500j liiTiirqi p;ldnd, 

503, 504; tbymld glaticL, 5(l0; 

261; iMchc^, 403. 40+; uHnory bladder, 
436; iirttar:, 430; iLrcigcuiial diirti, +687 
469; vcLtu, 375; v^nflMc* 320. 530^ 553^ 
534; vdet* 420; wing, 610^ 630 
Binii nitirk^ 202 
itiaCHurr, 202 
Bwn, 76* 112 

BiEa£»?4itETni^ 491 
BatMn-, 762 
Bremlvf nzoUuikj 273 

BiL^zmeRD* 33S 
122 

BLiddfr* iiEr —k hlfiilder* ruriip; [illuiioi?. 
438, 43 !); cJotaral, 438, 439. « 7 ; e^I, 
!BS), 30S, 3J5, 3lfi, 313. 320; (iaiKzc*tic. 
328; *viim ?aJri, 387, 397-40). »r-3M. 
463, 7fl7; tuiul. -137, 438, liEiii&r 7 p 260» 
270, 434, 437-133, 457, 46i1, 476, 473, 
4BI, 490 
Bukeslu, 783 
Bkriftif, 63 
Bkitoderm, 152 
0hiFri>rucjnc^ 160 

Blmti^pon-, Ifil, 1(53, 179 171; lip of. J78, 
ni. 179 

in«itulJi. t« 0 , 168. 169 

Blrfdnip 540 
Btis, AU 
Blihd ip4i^ ilj^ 
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niindiiri^ 1126 

D-IchmI,, 6 !)p i42; mxiQuni of, t:iir>lp 

33^^ blAiid*p 34ap 349 ^ 350; plmrlrti, 
3361 pc^tioningj 337; pTrsiitra* 30&; 
Uti £9; UH of, 330 

UlcjDil ccU, m, 334p 33G. 337* 33& - forniii^ 
bao of. 137* 14B; tiurttibcr of, 334 f rrd^ 
12, 112, 302-335* 33fi, 519; m, 

33V33ft, 33fl 

Ulood vesanb, ci wuptiusitLii^ 142, 353p 3G9; 
Qi ^aciy^ :H1, 112. of fUK 141^ of iiuun^ 
null, tliiuri i&cLiisq, 34J 

Bliiljbcr, loa, 1^9 
Boa Canitfittor, 4iUI, 473, b26 
Boat, wild, 127, m, 299 
473 

BoboJbk, 249 

Body, aarb'e pi Ziirki;rlEaiiid.l;, 510; idu'Oitiaf- 
fin* SlOp 511; dlia^^, <^07, 0^9, fllD; 
cplltciiAL, 502; tat, 471: Gnlgi, 130; of 
liTt^id, 577; Ut^al ^rniCUJjlK;, 701, 733> 
73Sp 739; miwnrnUlary^ 70S, IW, TU, 
712* 715; Nlisl. paHctul, 4, 507, 

7Bt, 705, 724p 72a, S2«; pmfid, 41t9* 5C>7, 

T05, 707, TOtt, 710p 711. 724* 729, 729, 

830; pctuitmi^—iec hypopfivisa; rciUlonii^ 
707, 7 ID, im, 72U ^27* 743; 

trajM^Apid, 713: uhiiiibbTstn^liiiU. 50D, 502* 
5fl3| 504'; \itiTPUif B07p 8t5; Wotiffiafl, 
443, 445, 43i> 

Bout, £91 

Bnmbinnict^ 42, i303* 82^ 

Bbncj t47-t52, l4fl, 15U; wr«t»iiuliif, Hia, 
CHiidJlmli, IIS', luirtilugtp lOQj ]-5il; tclli^ 
133 j check, 5*>5; ctirtrcp, iii29; cSiterii^ 
480j I.4i3, 149, l32;.<Liati’tt>fcd, 

fits: dr^ j 53 7; enr, middlCj 571, 791- 
794; cndcKhondmlp 151; fenr Bnn, fi20; 
hyDid, 42-i* 425, InVA, 591, 592; In- 
bnniliuitcp 815, B2B; invritSu^, ISO, 561, 
500, 581T AM kvrri^ 5ID; mahii, 295, 
555, 595: rnttn^r., 14S, 151, 152; niai™. 

pt&l, 617; mrndinLiic^ 150; of cipf^ulumj 
55E, 364, 675; paLm, If 29; pcuii, 478^ 
ptrruzhpndrjdp 151 ^ rcpljuimf?* 150, 551, 

5fil, 560* 501; idcrotit, SCS^p 1^; i*u*- 
toflid. m, 853, 649; Ahank, 625; 

RhnsJdcT* 520: ^48. 149+ 152; 

miunJ* 5D7; lempomlj SSS* 570, 552, 
595; Hdfth* 62s I tinuc^ 145-150; itJc, 
629: turbinuic, 40S* 569, 570; Wonnuitt, 
597; x]rgumatk* 595 

BaifcEjfu,^ 509 

Jtdi. 75* 234 
adirjr^(4f, 20 

HotldJlRH Ii;k PfiSlTIlKli UB 

Bonfin* 560 
Brvhinl ftptcllp, €33 


BiscMopodt, 273 

Br arS i't f n, t pnjubcii^uii]* 721| Braridi^iiimp 
ponlii^ 731 

BrAcliydaE!t)'|iim,, 633 
Brud-idoot, 296 

70* 71, 404, 534 

Bratn, 695, 700-731; cftBC* 555; cerm- 
pmrativc Jiml^uiy nip 723; catnp3LjTd with 
cc^p 701; diffctcfidatioEi of, 7D3; 
fli-fT irr^ 705; buimui^ 7D7p 706, 710; 

703; nncU, 703: siriii, "oi, 707. TIO; 
tricln, TEKp, TUGj, 707; weight of, 702 
Omnek —j 41 

B f^nek I of nETvr%), 681: iiutotiomic* 680. 
fi03; branchmJ vf Xth, 743; cochiiiiir uf 
VHIlh, 742p 701: cutaArtuii, 680, 7HD. 
deep oplLtliAlinkor Vihp 726, 7+1 ; dorsal* 
€80p 653; tivornAndihuliu' of V'llth, T2fi, 
742; brraorbltaL iTonk of Vdi Emd Vllth^ 
T26; latccul of Xth* 726, 743; inapdibLiliu 
of \'th. 726, 74E, 742. niwDlfljy ui 
Vth, 74 f, 742; mtukuKrn], m 683 
psibtinE of VllLk, 728* 742; pbaryrgEAl, 
i26p 737* froAiurmiiliir, 726^ 757. prr- 
a miiM Eir^ 728, 737; iiiptrliciml ophtl'^almit 
of Vrh and Vllth+ Tie, 741; vrniral, 
GSO, 683, vruilkulaf id V'niiK, 742, 
786^ 797: visceral of Xth, 726^ 743 

U-ranchEat!* 'fB? 

BTOiiolunlr , OrAnchial < jillj axtii^ 307, 
3^1 5fi3, 572* 604 

Bpfln^liEon^Tndp 21 

Ep^aus, 453 
BrcMt* 22 2p !23 

Errdrdmic—"vr iiraiiiiti 
BixAtEuiiifi 414—119: diiiphmfJBadcp 4l8; 
pharynsrAl, ID; hy ftctuia, 306; rib* 
418 

Brccdinir li asofi* 491 

BKAMAa, 206p 449, 457* 676, 795 

BiiiUci, 252 

Briuje itutUp 223 

BfOTtcluolRip 4D1, 4D3 

Hmtr-bui, lOt, 405, 413, -114; it:c:urrcat+ 
409 

Eroftldtavriu, 46 

Bmhei^^ 765 
Bauhfr, 574 
HryuzoaiLiip 273 

Boccolp CAvilv, 2?5, 276: elm, 22 J fnimrl 
(hood/p 22 , 289 
Bi^ca-Usiu, 97 

Bud* nEujdc* 805, 65? I myopomic* 6K», 65? j 
r^utT* 78^ f 781 
Bu8alo^ T5 

j5u/tf, 42p AZt, 5S0, B25 
Bulb, end, 66a. ktk, 250. 2S4 ; olfiictufY. 
708. 7S2. 713, 725, 72S, 735 
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BuHtui: nftrnoiuf^ 334 
DuKirmf^, \lt 
BuiliuiaiJ, '307 

BudcUi^, ifrdund, 690^ 693^ &! 343 

Biinudunij 296 

BilltJit or FabirifliLtir 270^ of a joint, 321 | 
amrniait 3SM 

Jtt, 61 r, 630 
10, 397, 443 

Carritia»i. 212, 232, 5tSp 625 
Cw4im, 2ftS’ collt, 269, 270* 206, 312, 3t3; 

p^Vorir, 26B, 2M3, 312 
CabiuTi, ^2 
C^iiitLm 187 

Cdamt^khlhy*, 230, 396. 397^ 625 
CalcAnrun^ 620^ 638, 639* 6+0 
Cak^iK 62S 

Catriinii iiirtobolUm, 503 
366 

CaJwtv. 243 

CftlcKTrcrpinr, 759, 766, 765 
CaJviiriiitii, 120 
Cftlyx, renal, 431^ 439 
CBmhn'an^ L03 

C4un^J. T4. 242, 3D9, 3M, 404, 473, 631 
71 

C^Mpwmih Knlleri, 833 
Ciuind (MmiiH) uudLLo^rfr cxlErrud, 397, 
780^791, 792. SU3 

CannH, fentr^l* 674, OTn, (137, 6KB. 695, 63fl. 
705, 706. 70T, 7J0i COthStar, 797; har- 
iT4Ai. 533. 533; 'enr,, ^O'znaL, 397, 596; 
KaxTrrw, 148. N3, J53» lui-^oid, Bl6,' 
450: Inva^liiaiion^ ?95; latrrai- 
linr» 769, 770 milk. £36 ; narolarrim^* 
813^ 819 : oritiral^ 5S3i nriifeixtETK:^ 163. 
Hi4, 674; prricardio-prntotitai, 177, 554; 
fiT Sriilrrnmi 8117^ GIB, 817; M-mkEtcuIaT^ 
734, 742, 78fi, 707, 793* 783* 7E>ft. TBtB: 
nnbunnilaj, 4 J7i nlerovanina^p 4W%; vu- 
lelifartErLal, 546, 5i7 
Cofiatieuli, bilr, 117: nf bone, 149 
C4Prrt, |S5 
C-aij* 6t 65. 253 
C.4P£ftoif, 510 
^Upcjralllie. 219 
CapillA, 346 

^Iipillary, jaij. 499; Irak, 317; hlood^ 304, 
341, ^44-346, HT, 434, 486. HiHr 
546 

l!apitaiuiti+ 629. 613 
C^apitulum of nh^ 522, 1148 
Cit^ra, 75 

t'.ap(»uk^ auditon^—see cspmki dir. &uw^- 
mini, 432. m. 134. 135. 443. \ii 
Gbrmn. 435; jaltft, lenx^ 6l6. 817; 


28f1. oGo, niroctdir^'i 556^ 557-^559* 
569: cptii:, 55B* 557^ 56B; otk, 5SB, 557- 
65^, 564. 665. 566, H4ue 556, 

557; I Emma, ilf4 
Ciput rpididyroidii, 469 

Carapoic^ 48. i739, 547 

CiirlwlivxlTsie, 265, 314, 323, 323. 32;; 
ni^ubcdibm, 51J 

CarboJi, dioxide^ 364^ 427; monoxldep 333, 
774 

Carl^omlritiLiB,, 1 03 ^ 

CifckarUa^ 392 

Catdmr* rtgion of ttoniorJi^ 307» 30B 
Care, parcntai, 454, 494: poil-Jiatal, 494 ^ 
of ^'Ouus impldbiiuu^ 3i 
CiriboLi, 235 
Gariefp. 300 

Csirina^ 56, 4ft4, 548, S;at 
CojinataE^j 55-57 
336 

Com-—,. 65 

Cammpra, 62, Gi, &5, (Sfi. 92 
Camivnre, cluivj 237; dliTPtirvc 294, 

295, 3n, 3iB; itiii^inirnt, 222, 225, 
225; kiiliiry^ 431, lepradu^^ive ivitcm+ 
476^ 483 ; vebs, i76 
Camkorctyi, 264 
Carp, 35, 207, 334^ 308 
Carpal. 607, 627. 629, 832, m 
Ciupale, 629, 632, fill 
Gartnii^^ 112, 145| 148* ISO: aniciilar. 620; 
atyxttimd, 121, 422, 423^ 425. 572, 577+ 
678; basal, fi(^, 819, 624} baDbranthiAB 
280. ZKl, 561, 676: biaih^Til, m, 2ftl* 
2H3, 563, 568 ' ratified, 146, orrc^tobtan'- 
ciiH 2fW, 5lt3, 576: cmniubvaJ, 290, 

54S, S73, 5T6j rtkoid^ 121. 425, 423, 

424, 425, 572p 537, SIS; cunrifcrm^ 424, 
cU^ eHeroal,, 572| clajdn^ 145: cruiloiin^ 
352 j cpTbranckjat^ ISO* a^; epjcorm:^]^, 
549p 550. m, 620, fi22. fibrtMiSp 146; 
ktulicep 146; h>unuipd!bukr* 563p 565; 
h7p:^rAnrhhil^ 2841, ifi5, 576; h^pibyalp 
376; lahiulp 2W, 38S; laivnfr*l, 421- 

425, 571* 572. 5X7: lateral^ i2\: Mnrk* 
t3\ m, 562. 5fiS, 570, 572, 573* 
378j 579; nauJ^ aOJ; paliloqumiEaies 562; 
phajTiiimbriirjcliLxIt 2S0, Ttfil: ptervjgi?- 
i;uiiitmi?p 140, 5&2. 564* Sfi5, 572; «aJM, 
603, firs, 624: Tmlml, MS; of 5aa- 

424; Klerwdi!^ 56&^ 020; ftcrTtnl* 
349* 552; ihyrnid, 42i, 424, 425, 571, 
57^ 577. m ; cnidirBl, 404, 4ll, IM* 
571p 572. niiieepus^ 424; aapImEd^ 35^. 
a^3; yptilaid, 6Ep^ fill, 612 
CaxuEucuXA Llcrtnmlli^ BlO 
Coimn. 3 (I 
CfiJicLwzrv* 56 


Index 

Si, 

i^stniltonp 5f)B 

Clat, 65, 5^4, 430. 7S6, hriUn, 7J5f rKrl. 
64. $22, llfi; dj^.ttivr ivitric, 271, 
Z17^ 217, 91«, 321: iiYit-iftiiEicttL, 220, 
231, £j 1, 2i[, 253 i irfuoduiitK'c i>iitcrm, 
4ti0, 477, 411; ikeLctao^ 532, S77 

(.iii^ 61 

(JyirdiTiiipf, ll, 217 
Catr^ilJjir, 23G 
Calfllh, 761, iBl 

Citik, 75, 22J, 25^, 251, 274, 275, 2SG, 
l&T, 3&1, 420, 493, IE2 

lliiJida, epiclidvriLjjdia^ 469; cquiiu^ Hip 
612 

iHULutblii—Kt tinxfslq 
IJjiVcm, 236 
Ctffjfl, 65 
C’ftviat. 34 

Cavity, mtrkl, IS, 25, 24, 3S9^ hucc^, 275, 
276: coelamlt—see coeEDm; car. lDidtlii!+ 
397| 5dP7i endovarEaiii, 162: glrrociJd, Sll, 
550, 607, 608, 009. B]9, G22: 

pc^titonctil. i^d: joint, »2U; l«)er peri^ 
loncaJi, 430; nurrpw, lil, 152j 

nwal, 305, 4PU 4<J3, 412, 771; oraJ, 
275. 277* 303, 401; orbit^. m, 571, 
578, bTOj, 567 i avinHaii, 462; pericardiiiJ, 
ITi. I78p 253; perjJ>'U!pl3jai{:, 792, 711; 
IHrritoj^cal, 177^ l7l, 364^ 430: ptciiral, 
177, I7B, 415; plcmsrpenlcFeu»L, 177; 

pulp^ £S7p 281, 219 j sciiniEiilaLiua, 110, 

164, 168, 165. 170, 176, 171; thcTSkcic, 

J71; irtiE hady^ 9; ifmpiiiic, 792^ 713^ 
^^ehtUj 68 

Cell, 129; snidopkEl^ 506; amKnrve, Sl^ 
at4: \tMAl 776, 777; bawphil. 506; 
biraJEEr, 2W, 216; biood, *32. 534, 336, 
337, 359; Itody tif, 150; 1 h>m, J52; 
c^ndla^c, 132, 146; cku^ciMfliifi, 510j. 
751; f.'limmopJidh, 5116: CiamdiiiA^ ill^ 
800; (ximmumire, 686: conc. 806, 811, 
112; Deilcr'i) 791: difTcrcrLtiaEioa of, *31; 
cTtdolbcliaJ, 541 j 541, 350; cpcAdynutl^ 
685, 686, 686: cpithr^lisil, 132, 27l; 
c:thii^iEliiJ^ 570^ 593; 1st, 122; Bamc, 421^ 
ftt; IdOjculu, 159; gait^lnnu;^ ol trtiiuip 
61 Ij 512: ^enirr^ired tUiuj^, 130: nerm^ 
157^ 455* 451; gf^nntrial, 615, 686; ^^nb- 
iri, 271; grufiuUr ^laod, 269, $16; 
hacmiipDieEki 343: 76&, 760* 716. 

787, lOlp Htrweii*i, 719, iinnv 
uktdEsi^, of rctiiifl, 811 > 458, 

□ni; livfiTp 217 j iLiicHi, 415^ 509; Mab 
pii;hiaii. 203; maUciLd, 59Sj 79*; mrin- 
bnuic, 130; inuKlt, 132, 152, I54, 205, 
645p 671 : acn^e, 1S2, 666; 
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roglia, 155, 666, 005, GSO, B12. iumc^ 
chii^dalp 524. dlTattocy, 770. 777; phalEui- 
grcaJ-^-tfc altu cell, Deiccir'i. 800; piiDr&n 
jTcepElvr, 605, 831; plpd^acal, 205, 2]Q; 
pillair, 799, 80Q; polar, 136: Piuiiinjc, 
709; pymiiaidai. 720; TT-d blood, 12^ 
132, 333-335, 336. 519; fint*F|e, 

A4T, 348 ; iroBory, 776. 777; Strrtoli. 458; 
seii* 157, 455, 45fl; ipwti, MZ. 136, 44_^ 
451, 149, 4-56, 472: ipjodlt^ 338; fliuiitip 
laioTj 762j 764; lusirnimcular, 4,%. 776^ 
780: thr-oiy, 129 ly^» of, 132; 

S09; white b1<K]d, L32, 335--I3B, 
336 

C^llHEtULUt, imieT, 174 
CcHiJar AcCeae, 441B 
C^UrdofT, 208 
CemMi, m, 269 
Conordfi:, TOl, 127 

Ckntirt, 6^6 - 700: auiliiciry, 

716. 717, cobrdifulliwi. TBl; totfclaGoii* 
TOI : Dortkal, 716, 717| hranngj 
TIB, 717; iiiotof, 70J, 716, 7*7, iS. ul- 
factor^, 1 16^ 773: urfraniziatioii. t7S, re- 
Her;* CTO; ^asory, iT6, 717; siFsKi:*, 716^ 
71? I smneitbetic (josnabrjthHL'tk , 7*6, 
717^ 719; ipprcli, 716; 716, 

T17 

Gen! rale, 627, 629, 631 
Gen trio! r. 130^ 136 
Ccntitwotiie, I3fl, 134 

Cenlrtmi. 522, 523. 527, 512. 641: amphi- 
cocIdu^ 529; Ataphlplatyan, S29j 

clkortijLl, 528; bkctcfooM-lous, 528: o^lk* 
thococluLjj. 529: peflchordsl, 528; prtM 
CDcluui, 529 

CpphaltHlhariiaiA* *7. 11—25 
Ccpbalcbqp 32 

Ctphiaiafihui^ 210 
CciaJudjTjiiieliiai, m, 5®. 576 

CtTEHahyal 22*0. 565. 665, 573, 376. 

577 

Geralophord. 234 
Cmfti^pitkffut^ 152, 281 
GmbfJluu, 692, 701, 701. m, 709, 710, 
714, 721, 723^726, 727-729, 730 
Ccretinun* 693* 701, 704, 714, 7tJ* 7(6, 
717 

Gcroi^ 72 
Gorviiijie, 134 

Gcnqui of ucrras. 47U, 481. 483 
Cctqwfl, (ft ?^8p n, 120. 211. 224, 4*1. 
477, 47^,481. 625 

f,'Adafodditp 

CKaEUji mpiTtbetic ner\T., 681 
Clh;9^v.ai 452 
Chalonct, 497 

Chflinhcr^ anterior of rye, M7^ 81b, Oti, 


/ncfex 


S'H 

jaLl^Ti^f of mim b!«ldi?rp 35Bp 
tara^icliijiK tww*l> 401, 4f>3, 412; 
podla-iur of irp^p ^17, 81B; 

pcMttridr of j'wiiD hl-tddrr, 390, M9; 
%'LtrtoiLLi, Sift 
CA^nuffoiTi SOp 2!34p ^25 
CiiuiH-lrtin, ^iOp 234, 292p 283, 40Hp 412 
CihiUDoUp 127 
ChzxnilTLlformcip 37 
Chauliadui^ 718 

CJlicrk, 274: h(ni£, pcrath, 2T€ 

f Ikr r ijfi 33 

(HirJlranp 1 IT 

4y 

ChclLUnk^ 48, 49^ 290 
47^f^'dra^ 43, 49 
3L2 

ChcVroQ 
Oictrolnb, Tl 
diEwum, 2T4 

UhiskKnk, optk, 7(W, Tuft, 711, TP, 7P, 
73ap 738: tJluLr7T]?;i^ Ml, 3fi3, 304 
Chlumntk; KTHn'r, 370 
Chirk, drrclopinriii tifp JfiB-fTl, |T3^ 

130, m 

ChimarrK^ 32, 789 

ChknimiDi^, m, 120, 344, 839 

Chin, 000 

CDufo—p 63 

Chifnf^tmt, 62, 63, 92 

Chifott^ 623 

ChiiliL, 20? 

CA£Ein)^0jjrf4«Aitr, 592^ 393 
ChlnrophTli, 60Qp 601 
Chouia^ 502, 416^ 778 
Clholm, 187 

Chato^pui, 70p «Sp 534p 547 
Cbctfidf^p 29 
Cbi!Hidiichih^n, 29-32 
Ciiondriuwnir, 12fl 
ChoodTobtul, i46 
ChondroclAtt, iSj 
IJhimdm^ri, 34, 395 
Chiifda irodinriL, 360, 361 
Uluudi tynipuiip 742 
duMtlAiA ^CliiifdAtfi J, % U; 16 
ChordAirt* b«rtlt:ri0»r^ IT; chAracioruiict^ 
9-12 

ChomiLp 44, 466 
Choroid, 80Tp 809, 910 
ChoTtdpgy, 82, 109 
Ckdrut, 82 

ChrotTuffitiobluip 510 
ChnitnAtm^ IM. LH« t3& 

Chromilopliorf, 217p 671 
ChrooKiMnoi-i, IlK), 133. 114, i33, 138; 

mluetkio td, 464; *c*, t^Bp 139 
Chrooonr^lcn, Arduicalo|iic-aiU 110 


Ck^yJrnI.^^J^p 49 
CAr^flP^^fprxip 62, 221* 29® 

ChfjifrphrTiM 463 
Clivlt. 314, 324, 327 
Chyinr, m, 327 
17 

56 

Cilia, 2U0* 273, 303 

Ciliary, bcKl>p mi, 909, OlDj tnMick, 740^ 
S07p eiOp 617, SIS 
Ciliat^ frattmitv, 273 
Cillmu, 220, 61S 

OirciilntioUp ullatticik, 349 j, ml sntphioaLLi, 
242, 3(59 1 of HmuJiil, 341, 541: «af Bsh, 
343 r of niJiiiiina.J^ 843; 349; 

vitc-llmc, 349, 

Cirri byrtJil, 21 
Ciad^rrtiiEh*^ 29p 39 
OadoKiiirlijI, 29 
366 

Claai£, 6E6, 694, 716, 717 
Chuiicf* 474, 475 
Claim, 1 4 
Clmificalionj, i5 

Ckivklc, 491, 54C 550, SD®, 609, 61B. 619, 
Eii0-&22. 823p 6^3 
CW. P7-239, 611 
Chavagc^ IfiOj 110, 169^ |T| 
drfi, hypajdis^alj £8a: irimnii 38B 
Clrithnini, 575, 6l9p 620, 621 
ClUikp 198 
CliiHluTn, 215 

Cliroriip 47S, 480, 450; hQm, 480 
Cloaca, m, 355, 431, 436, 446, 466, 487* 
m. 471, 476, 478, 479 
Cbtp bloody 339 
CnniirU, 215 
llicui^biajep 317 
C^thUu, 386, 452 
Ccciryitp 326, S37 
Cochlea, 742^ TBl, 798, 9D4 
Ccwdhih. 35p 453* 4^3, 536, 605 
Cod—, 52B 
CcdmleratAj 21^^ 273 
155 

Corlom, 9, p, 162, m, 1^, ITi, ITI 

Cotfftc/rrieip 60 

Cdd, 092 

Cold-blDDilrdnriif^ 93 Ij 534 
Calk rarrum, Z70, 30$, 312, 513 
Cmliiu L|[ hirTfrk-itttftliilc, 17 
ColUkirai 4i66, 6SJ, 669: lE-rurrEnl^ 709 
Gflllimlii. 1 :, Bnteriiir (nipcnar^, 701# TOftp 
710,, 755^ 739, 7^, T>I0;. pisLr^u'i ^rc- 
feridr)^ 797, 79l}, Tip, 743; wmSiialii, 
487. 488 
Gdon, 305, 524 


Irid^ 

Calcmticm^ protrcthir, |§7j 271; warainRi 
197 

Calv-hipT^ 51 

r0fMnT5af 

CV>ltiiDrlli^ 571, 572, 5fll, 582, 5a;T, 7?4 
CalkiTnnp ^ Brnanii 451, 4M; CUiEuke\ 
m, 691. nOi diiTial, 690, 71B, 
71&: lAt^ralp 687^ 7*5, 746: soioatic nKiwr, 
TZT; Hijiialic irnifiTT, 7£T; 

525STi viK-^riU upoinr, 727: 
scTuan'i 727 
255 

Colymlfirprmfj, 56 

ConiinJMprCp inttiioT, 701, 708, 715, 725^ 
diHui, 667* 608; luhciisiliir* 707, TlOp 
711* 724; pcrttrriar, 741, 710; 17 CD* 
tnd^ 687, 688* 7l§* 720; white, 692* 693^ 
694 

CoTupaRcnt^ p^^n'ODi, 68?, 73 T 
Compoftiic Otig^r dp, 2$9 
ConctiA, car, 70f; luuil* 569* 671^ 776, 
779, 819 

C^DiimceDJ:r, 298 

Candcii 56, 96 

C^emdyUp mandUniLurj 598: esccipiuil, 534,^ 
558. 559, 566, S67, ^7, 589* 592 
CondyJut^, 63* 292 
C:nnc, 808, fill. 811 
Cimry.77, 205 
Clonn^r ccl, 334 
CoDgt) ttiakf, 41 

CoiJiujittwji, 2t>2, OOT* OITi htdbi, 818; paJ* 

pcbx^nim^ il8 
Canadtelti^ 578 

CatutriirtioiL, ol hmbl, 7D3, iuinciilair, 649 
Contiamility^ 6+3 
Cjitpu urtrrkum* 354*857, 363 
CcinvDilmiiaTl cf feicbtHlHi, 7 li 4 
Convuliw, 503 

Co^dtevaf^oa, chcmkal* 497; nsdrvwii, 49?* 
701, 709* 720 
Ckin, 290 

Cort^'iiAviii, 763* 812 

Copperhead* 51 

100* 912 

CepiiU, 283* 285 

Copulation, 158, 472p 471, 478* 477 
CcirBciilcintici* 5? 

floracQld, 404, 548-^, 575. §07, 608. 6W* 
618* 619-622, 625 
linearcdcjqnila, M9* 6t9| 620 
C^l* 265 

Corii* humao, 677; juflcdaniiJ, 46^; nervt^ 

11, ttt, U4, 161, 1T5. 267, Ut 62£. ^77- 
698! Pftiiacr’i, 445; iptitiiaiit* 499; 

tpical* 173; ewaJ, 303. 422, 424, 4ZS 
^C^Orcjpoiuit, 290 

Codum, 195, 203, 204, 246. 206 


GomHirant, 56, 826 
C^m^Bp 569* 807* 809| 817* 818 

CaiLHE^r 494 
Cfi r»f! »ifip 203. 204* 205 
CorDna mdiata* 159 
OordnoEdp 576, 579* 581 
Corpoilk quadrigicimtia^ 701* TIOt 72Sj 720, 
730 

□orpui* JiUurAM* 4 fi 5 ; calitMum, 76 ®+ 7 C 1 ^ 

7231 tavcrtsoium, 476, 477, 460, 4Sl, 
430; hafTn artrchagicum, 465: lyCniPi, 465* 
405, 509. jipcog^psum,; 176, ITT. 4fl0p 430; 
itrifltLinF, 704, 712, 723, 724 , 725* 727* 
728* 729 

CorpuH^lr* Grandry* T63: IlcdhBrfp TK0: Mcis- 
mcr, 762j T63- Mcfkrl* 762; ml hlood, 
334, 336* 513; ncnaJ, 432; Valcf-Parinian* 
762^ 763 
QorrdatiaDp 701 

Cortcji^ adrrfVAb, 510, 511; cerebellar, 

703: ccfebral, S32, 712* 719, 716, 71T, 
722, 728, 729: of hair^^SO; ^d ovpjy* 463; 
431, 434, 135 
CojLTi* 709 

Cordii* Sl2 

CpdtoJ facet, 623; plate, 533 
Cotyloid^ 618 

Cotylmiaiir* 46,. 47^ 567* 570* 621 

Cow—are cattle 
Coyote, 65 
Crartiaia, 17* 25-W 
Craniwtyliii* 564, 565 
CraniLtm, 25 
Creit, neiiral* 674^ 675 
Crnaccou*^ 103 
Cretin, 501 

CnirtUomi. 569* 571, 591 
Crihrum* 535 
461 

<:]Fi£keL 7d5 

Clficoid* 43l| 422* 423* 4Z4. 425, 5r2, 577* 
576 

Crlita* ampLillflTstPi 786* 796; Sil, 562 t 
592 

ClrEKTkdile, dieuhiiorf ■vJtcm, 156* 139^ 675; 
digfalive 291, 500* 5J3 * ^pirntralia, 

554; reprodurtive lyinrni* 451, 461^ 475* 
476, 480; redpiratory ayMlem, 405, 4t>i; 
231; uj-iDjrr> bladder* 4541 

ClriicodiLa, 46, 52 

Craiffiit^p ^ 

112* 113* 125, I16p 127 

Crp^nhclL, 113 
Crop* 

687, 69fi* 697* 621 

CjouDpieifyiipi* 32 

(Croiflfar* 51, 52, 242 
CaoTn^ita* 85 






Crown, q( IdoiIi, 287 

Cru» ciEcrIwI, iOT, Tlfl, 7H, 72lfl, 72t 

CriutA£<!aji, 498 

Ciypc df Urb^fkiihii^ 314^ 

Cr^fisohr^nehus, 41, 396* 610^ fi27 

Cr^ptivcliiim, 4ti0 

Cryptoi^ 44iD 

CiJwidruTO, ^29 

CuckoQ^ 57 

CliituliforxTTt*^ 57 

Cud ehrwiq]^^ J4p 509 

CuPrf=ifprEq^ 424^ fi28^ 

Cup, 243; optic, Ids, Sai, 614; 

ps^[n4rnt,^ 62] 

CimTttdTF^ grralcr of MT, 508; 

lewr of fioiii^tvi MJg. 5DB; ipinnif S56 
5'^ 

CbmiitiAK, 5 

CiLip,, 2Da 

Ciiticit, 201. 2081 Pf biir, 250 
Cuttinit *hr iKtIi* 289, 290, 292 
CumR, 120, 702 

Cytilcj iiucDitniaJ, 405; GMirouB, 493 
C)f*cio-t 25 

70 

CycJcniPiiQtiL, E7, 25, SB, .27 
Cy f; l <fcmtin L‘y 397, 545, OlB, (i25^ sbJlmiDnilci 
nervous svLtcns^ 731; ibrlcLGii^ S25^ 
532, 3H4; (minp 723' hraiu^hifil aTtcrici„ 
364; fill. 623; ffflK 390,391; bofdy irrtfi, 
StiSj 2S0s intrsunitail^ 2Q9; inCir;ttLi»:| 
286, 308, 312; nwtf lli^ 274^ muictri, 654 J 
B*f\T G.-0Ri, 695^ 866; jctuc 769^ 

787, B02, S26.. 82 Lj ^inal ncfvei. 663; 

MiD^ur, 2B0 
Cjutiufi^fiLT, 85 
Cyw^natk^it 45 
£7 

C>'nOM:iirn, 400, 401 
Cypfjfltdiir, 400 
Ciit> 3 is 
CyudpjOi 

CytonuirpbMb, 130, 131 
C^TPpljiAm, IJd 
CyUMw, l.HO 

Docrfl-, 72p 62? 

Dactylotcripy^ 260 
DujutiisKj 5 
Dahuovin'p 146 
Dasia^ 136 
HAddruff^ 2<H 
Dant^i 304 

is, 66l 

Dhjwih'* p^inl, Tl9 
253 

D^ypuj, 70, 71, SIS 

JfdjyiitKjp Al 


UAVoiKimt, 301, 5CN3, 763 
Oflwd imm, 124 

123, 124 

Dl-aHlinASC;!!, 323 
Dt!AH^ 26 
DcAtii, 281 
DfBEEit^ 684 

IT^ciui^r 709 

DrrtuQtiau, rtf pvninudi, 78S, 709, Til, 
720, T32;.tcnu>rv, 718, TJ9 
Dfcr. 5ft, 74,75, 220, 254. ftST I miiidi^ 2112 
DrginacratJDii, Waltcjiaji, 609 
DekminaliDn^ IQ, 674 
D^lyhin^s^ 79 
Dtimibrsincli.. 391^393. 30+ 

Dtndrit^rj \35, 666, 667> 643 
77 

Dcnta,!^ rptinuJa, 231 ; Lmittn, 2flt, 2S& 
Drntnrv, 3*5, 5ffl. STa, STfl. 575, 581, 582 
Dratinr, 2Si, 268, 2S9 
Bcndiicn, dcJiiiifivT^ 2&1; mtli {kcKBLj, 
291; prr]:iii:tt!al, 20J; pcui-drfiiiitrvp* Wi 
UcfftiiioD, 84& 

DcTTTIp 27 

Dcitoji, Ifi7, os, 293, 204, *«, m 

PirmLntPmjf, 16^ 

TJtffftflrAiiirVj/^ 43 
i>rmKi-iKdpila3^ 170 
DrrmopBrrRj 62+ 63. 92 
DprotrcciEHtA* 3^ 

Df.JiciAaTxs, 50S 

Pc«iJ:Eatian, pmieoian aKaiiut, 36 
Hftmisdttt, 309 
DiETWfua, B24, 827, B29 
I>«vr:lapa;irni, of niaphibinnv, IW-ITI: of 
^phJofliu, 160, I7fi; of binli, IfiiMTZ, 
173; of lirmtj 352, 063; til itijiiiimalip 
173, 174, J75 ; ftf r^tile^ 118-170 
Dcvcinidti^ 103 

Di, 5J 

Dltbet^ 512 
DiadfiUt^ 621 
DLflnoAK^ dinkdl, 133 
Didpcdfju, 337* 344 

Diaplin«in, ITT, 178. 40, 419. W7, 64ft, 

657 

I>ij]phit!piiatk hxratbtDs, 

I>laphvBi^ 0+ boc#, IS I 
rHopopbvi^, 522, 523. 5+6 
BLipiid* 533 
Diarthfaiis, 528 
DLuizsitu]. 2|i4* 2S7 
IhfymodoWf 621 

*+79 

DirtHcphaJon, 70S, Tfli. 705, 711 
Djlfemiiiatioii, 160, 298 
Difeitbn^ csucnikb fli. 336j ItT 




Diyi-iUvFp riLLymti^ 276, 32Sifip 32^, 
327; ujCj 26,5 ^ 266; 263p 

^22 y tqbr| formatioo tsf, \ 66; fuhr^ |rQ^U]i 
ofp 260 
Difitp e06 

DLgiuL pidp Z37; tipi^ 237; tori^ 216 

Di^ltil^rajdff 637 

DilaHitDjr piiji illur ^ 011, 01? 

Dilatiiin, 64f) 
jTu, 234 
iDi4<^ni i|^ 

iJinotattrj 44^ 47, 530, 677, 670 
, 76 

Diccdclt, 7 'Dj 
O iorriDiii, 463 
Diphth^riAp IBS» l?l 
Diphyprrcal, 624 
Diphyodontj 391 
40 
46 

Oipwu 32. SS, 231, 260, 312, 356, 3%, 406, 
438, 525, 552, 564 
Oiput^ G7 

DitK> iulhr^h'r, 20. 159; i&trr- 

VcTtchral, 523, 520, 529, 539: optSc, SI 4: 

lULlciq^p 217 

DiirajMTp Jll3i AdiiiK>n\ 5i2| 

187; cjiiifion, 187: coatml nf^ (91; 
Cravrt\50li piolo^aaD, 1H8 
Duprnutif 06, ^ 

Di^uibuiidti. liiwi of, 0.7 
DifthiHTiincap 104 
Duiyptic. 200 

Divitf ticuluED, lii'ET, 24: 5XippJein#^rniir>', 260 
Dividun tit Uibar^ 161)^ 272 
Dodo, tlO 

Dos, 65. 334, 420, 481, TBG; hurd fwiJan!, 
m, 210; btrsammt, 2i2, 239, 251, 256, 

lIvcT, ni6p 518: pniinE-. 66, 67^ AtociuiicG. 

3U; tfPth* 205. 297, 298; Ifiti^kir, 205, 
207; v«iti*brar^ 556 

lh>R^, 4, 30, 31. 229. 291. 507. 392, 474, 
475, 769 

1>Ot-BEAJ^^ 765 

77f76Hr6^£/«jjui, IT, r^i 
BalichA^njitt 249 

DtiLiJNQKJI, 102 

DolTTjrn, 113 

DoJplilri, 75, 2?^!, 293. 508 
Do^'ALDHaN, 67G 
Donkry, 420, 424 
D^3m, 306 
D«fbil, 7, 3 

DfXIftunt of long'iijC, 283 
DCJVC. 17 

i% 201 
Drmipm. 50 
DriHHifdary, 7^. 242 


DruinAih, 400, 420 

Dr/BPEfip J20 

201, 219, 404, 422, 477, 614, 763 
DHckblll, 35, 276, 461 
Dur-lp mcmbatf Wulffian^ 474 j of firUini 
m, bile, 305, 316^ 319. 3201 ai Botalli. 

366; chExlcdric hjii — ttt- diiCTiu ulinlc- 

tkickuLt; cwthlraf, 793, 79S. T96, 797, m. 

of Cuincr—arc vcin^ cominun ciudin^; 
r^idji, 3IE, 319, 220; cpridAlon, 157, 
47D, 431, m : nidolixoipkiilic, 703. 791, 
795, 7&S, 797, 790; Gacrtat^i, 133. 407, 
m. s^^nitd!, 137, 463, hrpiiik, HE, 319. 
m; lAcrim^l, 40S, 8 IB. 8]§; llrcr, 305,, 
313^ 3104 320; luDgEtudinuJ at triiia, 437; 
hitipliolic, JaUi 223, 223. 

mciDJicpbrk—5« duct, WdlfBmi; MOllrf' 
Lm, 153. 13T, (fi7* m, 470, 471.430,487, 
40B; (rnniil), ztjuolAunifiA}, 310, 010, 

pancreaticj 316: pApilli^r^j 45J, 435, 

ptitriitnatic:, 393^ 3^; pmthrpbrit, 442- 

Rsilliie'i^ 4S0; «f Rivlniu. 273; i^^viurv, 
276; cif Saiitorifii, 3l9; legmcnuJ, 442, 
445^ JM. 467* 468. 470; fpenti, 450* 469, 
47U: 5 Irnian'i, 278: iiEblinoiuil:, 276: the>ir- 

Mjdc^ 314, 3mi thyrogloiEal, 281, 285, 

285 . LidTiiiTy, 4'^6. 457,433, J36,160. J76; 
ufBflFiutBl, 437* 467. m, 4^0, 476: utri- 
ciiEci-ia<xul4T, 797 H WbarEon'i, 273. 27B^ 
279; Wifiun^'a, 319, 320, iVolffinn. 31ft, 
144, 445 . 446. 455, 4C^. 437. 460. 

470. 4T1, 174. 407 

Ductkilkif, Jihrmirti^ 457, 487; rffcrroi^ 457. 
450, m, 469 

DkittuK^ ArtcHoiLM, 336, 367; fiotaUi. 506; 
fholcdoc'htkii^ 313; dtrf^rcni^ 437. 457. 45B. 
4^, 460, 469. 470, 176, 401, 487, 408, 
490; cpIdMiiuiilb, 457, 469, 407^ Tvvm- 
knt, 1%, 797. 700 
D.Effong, T«, 299 
DudMict^imi^ 315, 316 

pum nuirr. 505, 608, 689 
Dwjirbain, 105, 506 

tar. bfum, 70^? + tapisilr. 556, Sa7-559g 564, 
535, 5fiS: dr-i-clapntrnt, 791 ; dnUTlt 397* 
579* 791, a03; crtenwl, 734* 788^731 
CTttprnid, LiiQEil, 397, 59S; c^itr roal^ 
cartikii^r^ 572 i ratcmalj 780^ 
leirtjlr, mi Iw, msdiHF. 700, 79t- 
785i mtddtf’. bonca, 571. 701-79*; iniifEllr, 
CAvily* 587, 537; mwlrji, 662. 6W. 790 
Eanb. babltAbli*, 100 
Eartbwork, I 14 

EarUirtomi, 207, 215, 440. 671 
tulfcf Iftlaatil, 114 

Efdviis. 207, 210. 233. 238^ 246, 257, 374 


Ei:hi4nii, S8. 22D, 226, 227* 431, 445 

RchiuodErm^ ^Sj 26S 
82 

EctcthniDjd, 569^ 58Q 
EclfTcw^Harm, 

Ectodrnn, lU, 18^*^ l(U. 1E7* iTfl, iTL. 

17a, 174* 17&, m 
E^rtnptrry'^id, &75» 576 
207 

Rdcnrars, €2, 70-71, 71, 2S5, 513. 378, 

7%) 

Ktl, 35, 229. 394, 355. 492, ITH; ttiu^tr, 
3M, 777 

Effi?ftaf, 670; iodrprmlrtit, 612 
KgSt 449. 451( 153. 453, 434, 460, 

463, 47 2* 455; uliairijv^^ 106; albiiincn of, 
159, 451, 432; imiphtbmn, i5%, 451. 45^; 
irniphidicu^, IfpB; Apitnix, 159; binli* 
m, 45U W caw. m\ dpMvuKc 
or^ Ifillp 16B, Ifiyj r^;riilbcil, 156, 448, 
483; 6iL, m, 453; Uog, 45h bumnn* 
|59i inFpJ^tuition tiTp 495; kindt pf, 158; 
numunul^ IfMlfc 45!^. +34: pf iniKi, \M; 
oitiich, 159 j [rptik. 159, +53-454: irg- 

tiirxjl4tinii 16U, ItiB, lfl9; lAirU^ 431, 
45Z. 485: tcj^dthsl, 168; twjth^ 

300;wbitr<43l 

HlainialTriiiH-ti* rimiliiloiv lyiteJrp, 356, 370^ 
371; cbj^ritivp lyiTrni, 268. 270* +12; ft- 
ptc»dMciiTM- iyiii'ni, 451, 46(f, 461, 470. 
484. 485: mpiratorjr 392^ 393, 

397;j*ull,5ei 
ElagTTtfibiBJii:bp. 2^}^ 30p 31 
Eliulfra f!xt£nia* 5^4 
Sftitophfffiiti 663, 664 
EJcctrop-biH, 664 
DrUin. 21M 

ESrph^i, 75, 76. 534, 420. 425, 492, 513 ; 
braJn^ 7Q2; di^liYC ivaifm^ 294^ £96 
297. 299; 222, 223, 239, 

76,^274, 776 
T6 

Elrvatiuti, 649 
m. 75: iHib, 235 
^iibcihii, 34U 

136, 16T; eapi'flmcBiiii, |57 
Kiiibr^otiic^ ptair, 1 74, 171: ihicld, 1 j 5 
Ejnbitrtirr, strutlAl, 49<? 

R**pp:nt:HH Ji5., 97 
Elfnu, 56 

32T 

Hnamvlp 387, 23i. 2S9 : 263, m 

Eiwcphalitfl, T&3 

Efkd bulb, 6!iH , bulb, Krmtttc, 762:, 767 
Kufllni. 767 
EikiiuCiudiiEmp ISa, 353 
Eitdoc/liic. 145 
Endnrriipnlufy. 49ft 


Index 

Eflilcdrmi, JSl, MZ, 163, 164, 167. 1T«. ITl, 
173, 17+, 175 

fcndDlyiTTias 377, 787, 795, 798 

Endonf tiTiLini* 676 
EndoptrrygoJclp S76 
Endq-nrrhiip 69^* 899 
Epdpafc^ ^7 
Endoa^rujii, 656 

rjidoiijlr, lb. ! 3 t. 24 , 26 , 380 . 499 

EhdolludiBl c^il., 341, 34 B, 360 

K fiHn lhrlfiiyn^ lOj 

^ddo^Tiriaii. cnvity, 182 
EntcrocDcIt, J7S 
Enirroynatc, 3Z1, 323, 327 
Entocunpi/ottn^ 629 
EnxcKimu—tor cpifpdcnu 
Eutqgkmiil, 571, sje 
EntoRioatTncon. 275 
Envi+opr* fptaj, u. 4H6 
Eupyinr. 276, S2I, 525, 326, 32i, 555 

£ifit%tkt4ypaSf 124 

EMp/ms, 73 j 99, tCHjp 658 
EoViik, 117 
Eplithk- U? 

Eo^tbupMl, 356 
Epsuclii], 17 ft 

Kpriiil}:pift, 685. 5B6, 856 

Epi5irauchi9i]^ ZBD, 580 

EptizDLrdiijni^ 063 

Epkumiinri, 5i% 558, 8«5, 620. 622 

£^^rrsnuffi^ 45b 

Eprldrrmii, 187. 195, Zfti, 2fWS 
Epldldvfbii, 456, 437, 455, +67, 46M, 

47+^ 4Kt, 4&7* 46ft: taput +fi'5: cauilu 
<469 

EpS^mttii, 2fl2, 102, 423, 42^, 571. 572, 

785 

Epihipput^ P9 
Epibysl, 583, 577 
Epiiin:fT* JK4, iff?, 168, 

Epkn^-iiutQ, 649 

Efiincphrin* 5l0 
Epibruriluu, 876 
Eplqtk. 568, 580 

EpfpiffWi, Di bout, 151, 329; vT bniin, S07, 
7ftt, 705. 72a, 724, 72S. 726-7^9 
Epiptcryguid* 570, S74, 580 
Epipidbu, 810 
EpUhdlAHms, 71 i 

Epirhebal crlU, m, 271 
Epll hrjlijxa, 142; 143; columiuic^ 

M2, J41; cuboidid (ruhic+l)^, 142i 

mtat^ of i< ail. an: pi^rnJf f>i 

iTlIuA^ Hl2; fcffnraioT)-* IK, ij^uinaEruii, 
112; i^rutiRcd, 112, 1+3 
Epjtiltkiuin. im. 254 
EpitvmpmkiLtiL. 7fJ| 


Irufex 

£p(in>Tlijiim, 240p 
EpDclpboron, 4^, IT&p 4fl7| ^S8 
Equifibriiiin^ 709^ 7^ 

72, 73* 99 

Efttp AfC-h^Mooic* 102^ I0!l; Cmi0wu:| i02j 
erdogtc, m, IQ3; Ml'woiqk, JQJ; 
pHliifixziiEc, 103 ; Prataq^uk* 10^* lOS 
Erc^piur, 32T 
Errpim, 32a, 323, 327 
Etiihiim, fil 
£fii:ulMJ^ 253 

Erinactm^ Ii3| 213. 4&lp &B0 

Eiitimrp 

Erupbctii qf tcctll^. 2B9p 290 , 292 

Eryopr^ IP, 547 

Erythiwrj'tr, 12 , 132, S32-^35p 33flp 519 
F-wpbagi>i, 3413, 304-^. 541, 715 

39^. 43B 
509 

Bihmoid^ £ 6 B, 5^, 5T0p 573^ 5S2 

K lhinrt^rfil CtlLlp £70, 593 

ELhiidlojiyi 109 
Eu* 60 

Enm^topim^ GB 

E-rjhTMp 2 SI^ 282| 2ft3, 407, 4 :iB 
ELT^TACmUSp 509 
Eutbcria, 58, 60-8fl 
Evaginaiion, 704, 711 
E^^=«twtt, 143, 20Qp 427 

Exnccipltal, 56^, 567^ 588, 58% $97, 582 

3B5 

EisQcttDn, H3 
Evcnktkton, 12, I 207 
ExpsidJtoq, B4, 05 
E^p^rinu^fliMtioii, cuuindl^ 1B9 
Expinttion, 4)5* 414 It 
E:c 1 niiiiDii, {rl9 
E«trJt>crpijcif, 758, 759 
Exita-columcUii, 7t4 

Eft, MCi^Dinmdiinlliiti d 1 | BOt* BIT;; otito* 
aainir. inacrralk^n^ 75 T; bnuit, 703 j 
omurra, 806 4 taldr, 011 ^ cnmpiUttivr 
aiuiinm>p 82 L ; diiTtftkin, 805 , 806 ; epi- 
ph\ira 1 , 02 ^ 0 1 hiunaq^ ftD 6 j 807 J ranfige- 
{oimh^g, BOS^ 008 ; 720 * 820 ; 

(qosaii:, 008 : piirkbll* 820 j pinral, 820 ; 
irkicopic, 822 
ErtUib, m 

Eyelid, SI 7, 810, 018* 822 

Fact, 274. 275 
Facet, 523 

Factor, boroftEctrie, 18" i tiidlDiptal, 187; 
UieiKikjd, 1&7 ; iurrhnnarBl* 107 ; 69; 

tbrmuil, J87 
Fali^miftTrTnrrfip 56 
FHinJlr^ 14 
Fang/27t, 300, %S8 


S 49 

Tasttfl, 145; lata, 05$ 

Fa>pkqliif. 549, 680; cdrtkospinalw (cerc- 
brini^ijialij) I flti, 710J cuncatu*, 6S9+ 
m. 692, m, 721; irracllii, 689, «9J, 
692j 718, Tit, 721; propriiia, e9D( 691, 
693 694 

Fat, 197,^303p 205, 283, 314, 33r?, 324, 3Z7; 

l»dy,47T;i:dK 
Fatigufp 644 
Faucci, 277, 30+ 

Feather, 24J-249. 243^245, 247; caflcit of. 
24Sj CAniduf* 245; devclnpiiig, 243, 311, 
345: hoola, 243, 341; lay at 2+0 ; itrs^- 
tiing down^ 245; paums, 2+9; peridanii, 

241, pin, 2+5, 2+6; pawder ddvrxa, 245; 

quill, W, S+5j c>f, M3, 244: tail. 
245; inuztip 347; vant, 313; wingh 2+5 
Fccm* 327 

Filler, irdeBtary; 273 
F«irF, 253 
Frtiu i3. &5 

Fcmar, 607. 813, 628 

Fcantrap 5^; cathlcac, 799; bvpopliyval, 
657, 553 ; ovalii, 792, 793, 799; rolundEL, 
792, 700, 799; tympani^ 799; veatibuli* 
799 

FcrtUkatlon, 136-130* 137. 157* +72; In¬ 
ternal, 473 

Fihtf^ 67; Miillcr’i, 686^ 697? muidc, 132 l 
ttiy^Unated^ 689 j, nurvt, £86; pnijganglii- 
oflk, 7*i5H-j49; ptr^Aa^ikiDkp 745-749; 
Reinak'i^, 680, 689: ripindk, 184* 135; 
luppCTtiag cf MiUlrr, SI4; unmyclmdlnl^ 

669 j Eiunular of Zttin, 016 
Flhria, 539 
FibnndKen, 339 
FHida, 607, 628 
Fibidair, az7, 620 
FieU:?, ICKI 

Field, Kiandalar, 28 Vp 205; milt, 225, 226 

FiJa olfactoiia* 730 

FilflMPnt, fin, 380 

Filutn tmnitwie* 677* 682 

Finibria^i ITt 

FiEfc, oi amphioomi^ 22, 23^ 603; tunal, &23; 
caudal, 603, 6^3, 621; dcmal, 603, £23; 
fold, a, 604, £01, 606. oudiaii* 23* &05« 
803, 613: paifrd, 603,60S; pectwit 
fiOa; pcivk, 471* 6^13* 60'i: rayi, £09, 619; 
jpine, 82+; uttpalred* §03* 623; vtqtntl,. 
803, 621 

Fingrrp 629: prif»M+ 360, 3M 
FiiJi, 27-13, 5U5, 350. 540; aartk loapt 
(an:liei). 585; auronamic pcevmti lyfieni* 

751; bony, ^2-15, 321, 172; bfaJa, 723. 
725* 728, 727; bfeedkg, 452. +75, 491, 
492; brwd tact, 485; caitilagincitu, 
29-12. 527, 697j cixculaJinry' plan 






^3 i-p fll2; dliiprrtiw i>ltjrni, 2fi&, 
MSI, SiSk 271, 379^ 280^ 290» 29iL 3^3, 
294, 301 p 302, 307, 312, 323 : liir, 802, 
**83; r^, 15a, 453, rlrctiic, e53> 
phErtt, 31; i-ndoerbic nl^ndi^ 500, 5D3. 
507, all, 511; ryt-, B2Cue^4; ^03^ 
ein. 623, 634. 625. E2B, 627, ^no\A, 
208 j gilk, 391, 382-395; wonadi, 456, 
4fi0, 461, 462, 463, 467: ^rurtr, 30; 
litErt, 3;>5. 3D6: intr^urami, I96j 211 
216, 2!7, 229*^32. 241: jnw,, 564, 665; 
lobr-^Rnnl, 32^ Immctjouj 29, 201^ 
519 s 699; iiiLiidf*, 056. 65ft^ 

OftO; prrvc Card, 6&7; ocdpiul ttmdylr, 
567; p^rlarol i^irdL-, 6tfi, 019; pdvir 
fiirillc;, 608^ 6111; p1i\:iocli9tcnii^ 398; pijy- 

398; Tipty-rmnrilp 33; fripirn 
tory oTSjAitf, 386, 387, 391-101, 413; ni«, 
542, 545 : nrR^^rn^ 7fi |^ 7fiB, 769-771, 

774 , 775, 777, 778, 7M. 781^ 7S7; iJmll, 
500+ 96 I, 566—582, 575., 585; sour-cI pTo-= 
diirlioa, 4Z0; ipiruiJ nerves, G8:i, 684; 
fpouk, 31; iwliR lAiT'! hWldct, 3ra7-40l: 
load^ 39Bji, 399j 401 : umiafy oj^n5, 429, 
437, 4+2, 443; uriiic, 436: i]fr[]iGp^nit:i| 
duclt, 437. 466, 467, 46». 470, 474, 484; 
vptni, 1?fl-572; ^riifbfBeu 525, 627, 528 

530. 531, 532 
Tm l . 05 

FiniprdjA, 64^ 65 

FiiiUff, 714. »mi; donaJ. 088, 6B7. 

fiCSp Ttfl: Enteral Cciebpil, 714, 715; Icm- 
fTludinal errrhnl, 1D8+ 7l2; pnEpebrn!^ 
818: pmicljo^dpjyJ^ 714, perrtaJ, 3l7^ 
318: pcntenval^ 3T8: rbittBd^ 713: of 
EciKnitki, 711; nC H>-[viiii, 713, TH. 713; 
I4fnbdlk:i4 3JT: G81, 0B7 6B8 

707. 711 ' 

nniilfl, pbAr^-nj^ml, 368; pmbiltcal. 
Ra^llum. 2013 
Runrpptn, 56 
jiaifiih. tm 
flatvroms, 540, 428, 805 
Rivwffc 782 
FuecnHip. 6B9 
Flrxiortp 649 
Flruire oj btAlfl, *115 
FJfnl, IJ6, TIT 
Flippf-r. 831 
I'lfieeuliiii, 716 

tluundpr, 15, 23t, 307 
riow. iTiruitrtial, 499 

Fluiii. recrhro-fcpitinl, 377, 699, siicjrmjile 
4B2:*y7ixAiaJ,521 
I'lukc, cii diuntiisU, 62S 
Fls^eAtchre, 57, 246 

rjyin*, <tni«iin. I», 2111: fo^, «; tcnmr. 63 
201.224 : iquhrei, 65, ST. SPf 


Fotuiiiti^. 609, »16, B22 
Fold, gtnital, IfiiJ ini LET ^riutalj -iSO; J^hio- 
VTiotaJ, 490. mctaiilEimd, tt, E*; iunir»]. 
IM, 163, 17!. 173 

FoUklr, tixsatian, 46S. 4M, 4M, 509; hair, 
321. 250. ’5^1, 256, 7EJ 
Fill I uvular «ll . 1S9 
FolrniB, paintj, 128 

FqnlaiiEllr, 5%; rrontal, 57H, 596; wjo- 
toiiLil, 578, 596; occipital. S28, 59fi; 
aptiEiiaidEil, STD, 596 

Fwjd. captiirc. 272; maicrldli, 2B3, 365; 
pathway, 302, 303; pmhctibcn, 272, *73; 
lEoFajiEc. 197, tvHthEsia, 600 
Foot, 638, 65!>, 640; clrphani, 239; ijilandu- 
Lir, 217. 218 

Foramen. acrtaljulBE, 612, 613; raeruia, 281, 
292. 283, 500} rndoiymptiADc, 558; cpi- 
phytciil, 538, SJ8, 586 ; filotsopluu-y-n^al, 
li3S; itia-acialic, 611; IntrrpaEirtjil. 566; 
jpTnvmtriculikr, 785, 706, 783, 711, 712; 
rjchiupubic. 612, 613; nuMjiiwii, 558, 559, 
568, a67, 570. 562. 581; (if Ad^onro. 704, 
706, 712; obturatpr, 611, 613, 6J6; 
oplithaluik, 538; ppiic. S70; ovale, 
336; of Paniwa. 358, 359; fwrilvBi- 
P^iit, S&fl; pBhir, 610. 611; ipinal nrivc, 
623, 527, 538, 663; lupi^anedid, 650; 
vanvi, ii5»; of Wiiwlow, 328 

Forc-hrain. 3|9 

Fotnht, 70S, 7H 

Foma, cndolyiiipliaiic, 558. ^Irooid, 519, 
Kfl, 607. OOa, M8, 619, 621^ m 2 muiidi- 
bular, 596; tcmpoml, 574, 578, SS3, 584 
l-ouiti, 96; huttcK^ 120 
Fostrb. 767 

FtTFK*, ( cniratiii, 607, 815. oaEalii, 827; 

pEifolifi, 82i 

FowIh 37* 2iB 
GS, 222 

A^KtoiJ^ 702 

4 
411 

Frenulum, ]jd,i,l. 376. 278; linguaL 478 
t nrtiucncy, flOJ 
FricliHi ridiE, 205. 23T 
Fii^iddmctptor, 759, 766, 76fl 

Fntrsem, 715 

Friiik. 2iB 

W, 42:lHmluii|; iiirclianiim of, TOO; 

ciRulatmi. lyucm, 3»+, 337, 378, 379} 
cnc4(!t. 43, di-tElDpinmt of, )li1l-173; 

3M. 267, 271, 279, 382, 
2M; rndDchnc ^lundi^ 5(11, 303; iniCKu* 
iMtnt, 201. 210, 218; l^ina, rtf, 43, rr- 

pt«f.iciJan, 451, 452, 456, 463, 17), 483} 
^•pirutHT} itmtm, -403, 4<W, 107, 430, 
4-1, 422; ilclEHm, 582, 576, 5ff7. 611: 


inrfifJE 

vptiul, T31 i trmpmture T&5; 

trre, a, £IT 

f^rontal, 555, 561, 568, 56Q. STD. 57J. 575. 

[ITA. 579, 5S0. 583. 5S9; pliiuc, A 
FronlfipaliciBLlj 5Slp ^7 
Fe/i<tdn^ 419 
FLin^u/Mp 624 

FmiiiCu] utai^ rmicotoi, 707^ 7101 fiST, 

688, 897: 7flT, 710; 887, 

008; vrjilJaJ, &fi7^ €00 
Fiiiiof!^ bucc^fll^ 209: pcritofKjilp 1(4 
Fur, 253 

Furl lllJi 

J’LUtBw, vbctnilp S^7f. 380 

C^das, 437, 45Spfi0S 

Cl3l[??t apciiciuotira, €62p 880 

C4r HK, m, 5D5 

GaUif^Uhtt^f 03, 224 

Gall* bladder 288, m, 315. 316* 319, m; 

AtmzTfj 3l6 

GBlUliiEiiiEiT 57 

GaiiitrrrJip 702 

GamcEr^ 136, +40, 464, 4E6, +72 
G^fnrid^nnii, 463* +64 
Ga^i;lk»ii, 135* 676; ButtniDtutc, 673, 747; 
CFivical aut^nainic, 717i 748: th^un, 680. 
663, 745, 747. 748, 740, 7^; dlrary, 733, 
741; cotf lbc, 747, 750; cnUntrrgl, 743, 
747, 74B, 749, 750; denial, 613, m, 682. 
6B3, 6»6. 69+, r<l4, 745; Gawmn* 733* 
74 !p 742; gastric* Sll; ifmictilaff* 754* 
742^ twbcTiiJarp, 7fl4| 711, 72+; juguliLT^ 
733; mirrrniuir* 747* 730- ncMtuI, lO, 
30: n4>do^li, 735^ 7431 otic* 7+7ptlroial, 
734^ 743: ipbsl—irc ipmgliiiti* dcmU 
spiral* n+* 707* 790. BOO; ncilMc, 747. 
740 r nibccLixlllarv. 747; t^mlwiihrTic. <580* 
68t, 735: tcrniinil. 7+6* 73(1. vcjfti^«il— 
iScc (TBugluHlj diAin: fcllibulnr* 734* 7+2* 
797 

Gb^c^ieI^ 260* 3ia* 356p 462, 505; bony. 35; 

cjirtilaginotis, 34, 95* 333 
Gaanfn* 230 
Garpj^r^ 250, 462 
GajidriuJ'#ii^ 523. 433 

i rajtraiiat 55 K 554j 613 
Gaitrk lljia^e* 3lJ 
OastrulAj 16C1, 17i> 

(faitniJalion* 161 
Gavial, 52 

C^ckti, 49, 282, 404. 420 
Gct:!^, 36 
GEOtxjiAVit* 604 
(^f^nrta, H 
Gfrtr* 133 
Gencsii* 464 


'Sjt 

GciictiE;i* 181 

GcDELai, duLi, 107, 463; eminpricE, +90: fold, 
462; papililt* (02, (07; port, +52; ndgc^ 
455, 456* 460^ 484, (09; lulHmdc* 189. 
490 

Genitalia^ external* 47^J—480| 489. +90 
Gwiogir Eimc-*uJi:, 103 
294 

GcotiiM* 784 
Gf^lr^n 121 

Gemj, ccUi, 157, 455. 450; fmie of* 

167 

Grrmitisd, ceU^ &Q3, 606: dbr* 159 
Gtrrm-linc, 180 

Gemiptatm* 4+T. +49. 454* +33* 46^ 
Gidntiim* 185^ 306 
Gibbon, 09. 123* 128 
Ciljk* unuftiter, 51, 279 
CilJ rbrubchLij, 885, 307, 588, 391, 391: 
«f omnictej* 397; ainpbFhum* S93. ^96. 
oi omphiOSill* 307-^09; mrrJjni^ 007^ 391. 
563, 572* 004; cycliMHwnr, 390, 591: 
dipnoiui, 895; rlajntobFaniiti* 594: 

TTFibiTonic €f liOK^Jih* 093; exEemal, 265. 
595, 396; fiJatiienti, ;i8B; gijrwwf* 

884; haJucepbsiJaii, 591, 394; intemidT 
365; iuMcrtrbnil^ 389; |tal1ik£^ 596. 
Op^TtnjULT* 393; piErtmtF, 195; piotir hrd, 
300, 391; Fatcf. 391* 392, :S^93: ni>*^ 230: 
lac, 391 1 irptmu, 3M, 303,392, 394; iliw, 
12, 302, 307* 388; itiemt, 393* 294. tmii- 
dalr. 307. 3BS^ IBlf 
Gip.givac, 277 
Gi'ro!^#* 14, 255 
G^niire, f J, 274* 305, 404* 53+ 

Gkardrnvf, 475* 44S4 

Cifdk,. 540; prrtoral* 321* SIO, 5^5, alS* 
608. 009^ €18628; pcivk. 321* 5.^2* 
533, 605. 609, 809-010 
Giiuitd* 30®. 310 
CilacEAtJCHn, 104 
Gbdiolita, 552, 553 

Glliud, 67 L; BECetsory iei:ub 1* (8Q; AdlC liaU 

471* (99, 509; nlbuMn, 483; flivedax. 
215 ; axnpulUr. 401; ^nal* 270* 483. yf 
finnlioliiil* 482; BnHiPEr% 322* 327: 
biill»-€ittEJtral, 457* 482; by:^«l. 21S 
rEUctad, 4S9f 510; enwrat, 2l5, cmi- 
minnui, 222; ccn+cal, 401: rlmitikl* 
S23: dllar^-, 220* 910: 403; 

gemi, ID'S; C^wprFi* 478j 181, 4B"2’ 

crwinl^ 304 f ducilEiii 497: duodenal, 
499; car, 21% 222, Ebupr^ 265: 
eudocjifiep 145.. 497; ciccftrtirtR. 143:: 
™jcriiVj 143 : femoral. £19, 473; gaitnr. 
31 32i* 499 Harderian, i25* 028: 

holocrine^ 214; iniftmial* 403; intcfu- 
mcusai>, 209. 209.110, 211,2t£, 2l4-S229,^ 
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313; inietnsqxillarjr, 239; of inictnal it- 
CKtinn. 4?3; 511; taliuil, 275. 

279; lacrjouiU 222, 4fl3, 819, 025, 828; 
Leydi^X 2pj LicbctkOlinX 3U, 322, 
324, 327; li^fiii-^f^^dLiciD^, 218; linpuai, 
279; of Linrf, 482; Limimefccnl, 216; 
lymph, 337; nuiRmiajy, 222, 223, 226, 
228, 483; Mdbutoliiti, 221, 818, 819; 
■ucfocrinr, 214; mill:, 222, 223, 226, 228, 
483; motor, 273; of Moll, 22U, 818: of 
OMiuth, 279; muroiu, 200, 209, 210, 2lfi, 
279, 280, 327; tnultkeHyltif, 211; jircro* 

hiotic—irt gland, holorriac; mdommta], 

485; odorircioiii, 216; oral, 279; palatine, 
270, 279; pADTFRatjr., 499; paraihytoid, 
499, 300, 592; p>r«id, 276, 279, 734; 
perineal, 483; pbaiydgcaL, 499, 584; 
pineal, 499, 307, 705, 787, 708, 719. 711, 
724, 728.729; pUaiiary—an bypr^hyin; 
potion, 210,217,279, 300; pmeniing, 2J8 ; 
prtrmiiaJ, 222; pnoiialc, 437, 481, 482, 
499: ptetygnpodial, 216; puhmv, 450, 
508; iwial, 270, 479; red, 398, 399; 
lalivary, 276, 279, 280, 327; icrnl, 222, 
483; irboceoui, 2[]0^ 205, 220-221, 221, 
250, 254; Mrcrciing, 143; •noiat, 483, 
508; ibrll, 474; luhltiNlnal, 276, 270, 734: 
suhniaxiDaiy, 276, 279, 483, 734; auU 
phaniigral, 26: nqiratcnal, 309, 510; 
awtnt, 200, 301, 38.1, 219, 220, 257,429; 
laiul, 221, S18, 819j Irar—ICC gland, 
Incrinial: ibymui, l99-58t; Oirroid 26 
381, .*190. 498-582. 504; tubular, 215; 
type* «f, 214, 213; TywinX I8t, 483; 
unicrllular, 211; urrUinil, 482; uitip^gial, 
218; uminE-, 481, 483, 493; vniihidar, 
482; vttallv-iecTrtiirv—m glnnd, nmro- 

Crinr; vulvol, 222; wax. 222, 791 

tilandtilai! epiptoicac, 370, 325 
Glandular Held, 381, 285 
G)nni^ rliluridii, 489; prnii, 176, 477, 189 
490 

GLbu uiabo, 50 

OlcuDid fcwa (cai'ity), 549, 550, 687 600 
684, 6)9, 621, HZ7 
Clobui, major, 46!l, miraur, 469 
Gk’oirruliu, 432, 433, 431, 433, 4«, 443. 

444, 455 
Glmniu, 443 

Gluuil, 304, 403, 421, 423 
Ctftrra. 12, 333 
GKtuinm, 205, 315 

ClyrugEBur, 323 
GlypjDdoB, 71, 233 
Gnaili-, 37 

OtuUiuiimtiatx^ 29,502 

Goat. 75, 223. 336, 252. 25J, 334, 477. 
rtiuuntaiix, ( 27 , 23f^ 


7&7 

Ccimiis, 5, S30* 59^ 

CoiljT, 501 
C4Cii_i>jit^s;EcnEa^ 706 
CutjCT tlodiiCT^ 

GciLtj 1 ! 5 

Goimijg KS5, 107, ITS, tH, 454, 508 
GoowflrjJi, 251 
30, 27G, m 
Gori3[ft, 09, 125. J2fi, 544 
Gq trui, 89 
Gr^mpus^ 79 
CranutiKrytt^ 336 
Grajiuloiuia, £03, 204 
Gray manrr, 680, 094, (133, 696 
Gfrht, 56 
Gnmalili, !25 
Gn'ilicj 143 

Groftvej, cliiflmiaik, 570; cpitur^rhiAJ, 
cpJplwrhjTtHl, U, 245 Wfimd, 59+; 
iri.cdiilla.iy— 1 « KTDOVt. n^yrnL; nascj- 

labial, m, 775, 778; pental, 162, 176. 

674; po^v^TUn, 462; jperm. 47fi 

Gmicip paifilrd, m 
GEound LkuicUc. 690^ 693 
Groiw, 238 
GmwiiLp 162 
GrLiifqntxi^ 57 
Gnintri, 400^ 420 
Guiuluc^ 323 

Gubho^ 99 

GiihfrFTiia£:i+lum 439 

GlTDEtNACJI, 503 

Guinea pijL 65, 205, 292, 31G, 320, 445, 
477,513, B02 r . , , 

Guitar fijh 3| 

GuU, 57 
Cum, J77, 287 
GLotorreeptar, 759^ 76D 

Giiij 44R 

Gymnmj^hiti, J96 

Gjmqqpbbiui (Apodji), 38, 39* 40 378a 
407* 623 ^ 

GxTsnoti, 400 
GjTnn^rtttj, 663 

Gvii;i;ci>amtism, 516, 237 
Cyruj^ 714 

HflJbn]||]ll| 711 

ElKhcnidar, 707, 7JO, 7J I, 724; 

gUn^liiqTti 701, 7n, 724; mudruj 507 

H*bSt, 730 
Habitqhlc rarth^ IQB 
82 

Hjiddock„ 307 
HAh<TicTj_, 120^ 703 
l£acn»-^ 523 
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llacmfl], mb, 622. 5^7* 5Z&. S52i 

caiuil, 522, 523 i 475, 522, 5Z3 

HArjn<»liLBJt, 337 
HuEmagiobbi, 59355 
HarmnlyiUg 339 
H;umv7pM[iB, 340 
FTacinopoksif^ 335j MB 
H/^euf^l, 352 
Hanmilt^nidiic, 400^ 401 
Hajffisb, 25, 455, 4B3, 332 
Hair, 201, 205, 221. 249-237; angora* 235; 
hulb oF. 250, 254; toior fif, 236; ccrtcx 
cf, 250; cutIyp 25$; currcnii, 251; cutidc 
<p|, 230 3 drlinstiv^T 256; dr^^Htlopiiveiit, 
S54; loiedcp I2t, 250, m, 761; fur, 
253^ gi^on, ^Ij sray, 236; 233 p 

guard, 233; tinky, 253; medulla of, 
350; p^pllU o/p 221, 250, 251; piffmciit 
ofp 356: tlmfi, 221, ^4; iheath. 221p 250, 
254; liity^ 353; ZJS; wavy^ 

255 

Hiike, 295 

7$^ 2^ 

^±^maJuni4. 61 
Hamatnin^ G29. fiS2 
HarmTirr, 5&2 

tWrtcr, 507, 481 
Hand. 628, B4t] 

Haptihf 679 
Hair, 65, 256, 305 
Hwrllp. 775 
ffitrrimamic, 18 
Fl.Muiiiorr, 179 
ElAawTp 341 
rUBVTBLL, 30 
Hiiuitrap 270. 325 
tlavrman canaL, 148, 149. 152 
Hawk, 5G, Z3B, 461 
Hawthoe.'^k, 709 
Head, 6; oi Hb, 543, 346 
HcndOih, 397 

Healing, 716, 717| 78s, 000 
Hran, 34L, 348, 36«, 351, 35Z-363; atk- 
lrte\ )B6; attium, 351, 355; anrkie, 
355, 354, 359, 3S1, S63l autOEunnic in- 
ncrvatioii, 751; i:anui, 369; df> 

veiopinriit pf, 552, la3; evfllullkm ol, 355;. 
hiinLaii, 353; lymph, 378, 371; podiiino 
of, 359, m, iimii* 354-3ST, BM ; w nt, 
339; valv« ed, 3S1; vt-ntral, II; wen- 
ujcle, 354-^58, 359, Ml, M3; wrk qK 
381 

Unit, 692 
HRCjfT, 814 

Hedgehog, Europran, 63^ £13, 233, 252, 
401, 6sa 
Heel, 639 

HiaKiEi, 20, 26. 5J, 128 
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Heidelbrj^ man, liZ-lZi, 124, I2S, US 

IMieotrenuit 797* T9S, 799 

HeliJi* 789 

Hellbender* 41 

H£Utf[DLT2, 754 

HeWertnj], SI, 279 

Hemiehmdiita, 17-18 

ilemi-ciiiim'Pp 179 

Hemipenk^ 475 

Hemuphcfei* eerrbcIlsT, 793, 709^ TiO; 

ernihral, 712, 7U, 7li, III, 723, 726 
Hen, 306. 334, 471, 473* 485, 493* 309 
Hei^xinGj 774 
Hexkiox* 97 

Hepai-. II 

Hepafjj: It, 24| 3t7, 343, 343, 360. 

an, 373, 373, 376 
HtpiJinrhHJt 3^j 565 

Heibivqre, 264* 273* 274* 2S0, 296, 297, 
313, 318 

Hfirditary- handjpap^ 186 
HennAphroditum* 463, 491 
Hemin, 460 
Huionarus^ NO 
Tfrmfl., 56* 245 
HeaafCK, 716 
Herring* 35* 307, 463 
SS. 291 

IlEfiAE, 782 

Hnlzniccmal* 624 

He itErDCtiK'JqLii* 529, 530 
/frJ#r0i/qa, 51 
Rctemdunl* 294* 295, 297 
HfUrotii^ 396 
f/re<mr6^* 564, 392, 453 
Hibenmtumr 35, 37 
Hdl* milk, 225, 220 
Hilwi, 431* 454 

Hind-brain, 349 

Rip, 620 
ffip^rKHA, 99 
Hippidivmf 90 

Hipfiormfint, 20, 232, 485, 545 
HiPmcmAtKS, 301,580, 397 
Hippapcntmmt, 71, 97, 121* 220, 249, 274. 
425 

Hbitnlngy* 141,270 
Hmta, 715 
Hdaiiuin* 23fl, 306 
Hegi ^ 

ItouuiH* 646 
llnWaita, 472 

HDlohmnrk, 388. 591 
llnlncephidi, 29* 31-32* 393, 545, 564 
Eolnf, 32, 35 
Holwtci* 34, 35, 393 
Elominidae. TO 
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Ssi 

Hvfno, 120; kttdMerfm^ 

122* 123j VMi n*sni(^rthtiSwntii^ E25j 

mi 70, !25, m 

HtniiDcrHia], 

HczDocbnir 2§5 
HmnDlqf>v 007 
HojDDlqgy^ uinoj|eiii±al^ 487 
Hflof^ MA5, e7C> 

Hoof, 217. m 

Huobj aiKilj i73; tif rrl^per^ 47 J j fe*iJi£r, 
243. 244 
129 

HDOT^?h-p I27t 2^ 

HoTijiDrirp U3. 2Mp 320* 53 339, 45^, 

407-513: jronadrttr&pic^ 5O6; 

505» tFiyrutinpii:^ 506 

Horn, 233-256, 308; limal, fiBfi, 657* 690, 
657, 720: holW, 236; krtatjn-fiijcr^ 234; 
inrniraJ. fiSfi, fifl7, SWl. 697 
Homed load, 50, 31, 233^ 234, 374 
I tone. 73j 314 , #20, 4811, digmive 
\ftktm, 283, 294, 297, 505* 3l6j mirgia. 
iBtnU 220* 222, 223* 225, 239. 242* 292; 
P«dt(frnr of, 99; wdd* 112* 127, 250 
Hc^lUNt* 501 
EIoweli^ 339, 419 
Hnwu, 607* 696*607* 021 
HvxrrjujA, 150, 135, J0J* J63* 169* UD 
Flummu. W* 627| 628, 631, 632 
Huaiiain^Ln!| 57 
TTucuor, aquctHii*, 816 
Runp^cr, 262* 831 
Himnii^rAON* 315 
Huxley, 101, I2fl| 261 
Hyjttfiii, 6*. 65, 125* 205, 410 
flydra^ 265* 601 
7/7id. SO* 42, 4J, «J, 473 
09, 30B 
Hyiodtt, 366 
HyEnrn* 479* 400, 407 
Hyubnukchicl aprfui^itjj, 203, 284* STL 572 
576 

IfyDid, 28rp 285, 421, igS. S63* 571. 572, 
5T7* m 

HyumflPddnkLtir, 563^ 564, 565, 571* 673 
575* 500. 502 
Hrwtylk* 564 
HviMixi^l, 170 
HypemiiuUun* 226* 127 
liypfrcodont 79* 547 
IlyprithrliiBi, 22fi* 217 
H>~;>rrtjiclxiiif, 237 
H^^rircpliy* E05 
Hypobfauifhial, 280, 563< 576 
Hypocrntruin* 51S, j2S, 551 
HvpQdfTmb* 200* 

HfpifiUppiiir 99 

Hyt^hyal, 576 


Hrpetijerc, 164* 167* 160 
HyptibyriiluTn, 246 

HrpophpJr, m, 304* SOS, 704, 705* TO 8 , 
710, 711* 723, 724* T2S, 726. 720 
HypoapiidiB, 491 
Hypo^rumui, 386 
Hvjicitliai^rrnis* 711 
Hypdthcnnr, £58 
H^-piodonT* 296 
HTraiiciiiifa, 62* 77^ 412 
tfjm,3E9* 430 

tea Anti, 104, 127 
Idith vo-^ 29 
J'c|;liiyeFm;r£0||^ 2J 

Jchlhytfpku^ 38. 40. 212 

hkihytimir, 35* 29 i 
IchthvLMfliir, 46. 47* 551* 625 
Iguan^i, 50, 550 
46 

Ikuffi* 305, M3* 514 

Uiuin, 332 , 607* BOS, 609, filO* 611-616^ 
620 

TmpLiliP^ 155* 6S5 

IncisoT, ;&4, S3S 
IncuiidJioi^t. 452 

Ipcnibatari ijm^ 227 

[ncui, 5B5^ sn, 511 , 5&0, 5B2. m-7D3, 

ras I . > . 

lDdEr]rc:t pat\4 
Individ Lual* H 
I Me liar* 9 
IndoiiEmitiaq, 337 

IMiiudkhulim^ 505^ TIM* 705* 706. 711* 
71^ 723* 724* 726* 728 
Id^nal caiidl. 459 
Inkihitor* 7Sl 
liiHODUfutte bane, 6l3, 620 
Iniftiptioiu^ trndineda* 65fi 

Inarcfkura, 63, 67, 92* 220, 223, 285. 290. 

313* 376, 431, 480, 714 
InKnktD uf muaclii* 647 
luiFdtxtkitv 415* 418^ 410 
Imlep, 629 
Jfinitii^t* 494j, 730 
Inutld, 512 
IniutM, 512 

Ii^tatr* 262 

ampbJbiaii, 196, U9, 211, 
.12. 217; amphiuxiii^ 308* aita uL 202 i 
bifd, 20 J, ?J5. 21 a, 242 ; cotat of, 202; 
Eydurtomc. 209; embfronic, 206; Bib, 

( W. 811, 311i, 217, 229^-332, 241 r frie- 
Uoq, 205. 257 j human, 201^207, 803, 
219-220: InvETtchraiE, 200, 307, 215* 
tnammiilUn* 3t3, 219-220; wmlt- 
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ini; af^«T ccdyilaj pfquitciif^ 204, 2051, 
2Ui (Tjrtiltuti, 212, 213, 2ie, 232; re*. 

piratory^ 37; ilifddln^ at^ 197; thMctt, 

202i ibifinett, 201} mukater 20flj tires 

□f, 19^5-201 
IntcrtKis^ 320 

(ntc:rc£kitu-),k 5^7 

InrtnJividc, 55U, Ml, 61^* 

lni££i|i^£a] toii^ 25s 

Jmi=TiiD™l, 52fc, 520, K7* 528, 529, 532* 
535 

IntcrmafciUitry, 593 
Iiucntieiiiimi, 527^ S28 

Intcrwrcptcr^ 758* 759, 831 
IntcropmukrT 564, ST5 
IJll£q>uirk3it, MS, 574p 381 
Interphare^ 135 
511 

IntrnrcjjUTtl, Sil, 526, 517, 529 
Inbeitiia^l pdriUii, antrricir, 8#9 
liiifEtim:, JSI. Mfl, 37*: bn^r, Z©, 278, 
3 31, 324^126^ irnaU, JtM. 3U^H 
liivagtnAuito, 10, 161, 674, 705 
lavTTrare^ 323 
l^vTtlm^ Imjtic, 150 
ladine* 501 
lodopua, iL4 

Ira, 807, 809, BIO, 817, SIS, mB 
liHljihility, 75G 

[intorcerptof^ 759* 781 
[irhiopubis, 609, 610 

rifiiiuni, 532, £43, 007, 600, 609, 018^ €11- 
618, 62S 

Iflands blood* 548* 549. 3G0: of Uoirtr- 
liatu, 320,511,512 
tio-^ J58 
litric-citZiaL, 150 
isupedin, 230 
Isotrapic bandl, 154 
IltfamMi, of Ikujijc^ 304; of fbyTolil 500 
Ivory, 288 

Jitc^na, 238. 242 

jAi:oo^ 492 

Jam* man* 120-122^ 125, m 
Jaw,. 148* 363; gocOla, 59^; E7Fid«:|lHT^, 
123, S99^ bumait^ 148* S96, 509; pam>t, 
590; itiak^, p88j Spy nun* 590} lufpen- 
fcioii ofp 564^ MS;. pqoKihlp 588* 

590 

Jrjtmmn, 313, 3f4 
Jrllyliih, 705 
Jrrboii^ 57 

Joiiil, 528; liall mud foc:to, 320* 530* £31; 

520* 611; mnotand, imddlr^ 
530 

14, 401, 3S1 

Jis.gal, S®fl, arj* 57S, i79. 581* 5S8 


Jymbo* 76 
Junadu, 103 

KAMMfJtEJt* 473 

KJmgRToo, 60, 61* 220^ 297* 419* 476, 677 
KAPi-maa* 687, 893, 696* 82l 
Katt* 763 

Kttl, itmul, 519, S51 

K££s, 120, 140, 189* 256. 362* 352 
Kmxtb, 124* 363* 489* 684, 717 
IkEJdlX^T.t., 501 

Kupker^ 146 

Kcfjiiin* 234 
KrnitD-bvmilti, 204 

Kidnev, J6S, ITS. 200* 428* 420-436* 130, 
431, 437, 411, <81; compenutliig, 430; 
lm;mcilis>Cp 4'ID; bymmfi* -Ol; Iphulmlcd, 
429* 430p <32; kxiu]* 469,^ shapes uf, 
429; unipjTmrnidal* 431, 452; urinary, 
469 

KJnRclDni, 14 
Kin^^fiihc]-, §7 

Kinal*'!, 

Kemie[,iy, 77f 
KirrhfM) middrfei^ MO 

Kiwi— Kc ApittyM 
Kl.M.T9CriT* 120 
Knc«-<4ip, 649 
Kn«r-}ttlt* 671 
Rnr«'padip 242 
Koala* 60, 6t 
vow KoENiosVk'Atn, 121 
Kmqgu, 346 

LafiUL, majorm* <79, 480* <S9. 490; nimom, 
479, 480. m, 490 
Labiml 380, MS 

LaSidaJvMrwi^ <5p 621 

idWiiLtLif J9S; mrmbraiioyj, TS6. 

795, 7M, rrapirfliory, 386 
Labyrinthodont, 39-40 
Lafifts, 218, 445* 576, 778 
La«TtHla* 49 

Ml, m, 574, S7i, 671* $81, 

aai 

Lact-* 324 
Lartmre, 321 

T^rliiiianp 494^ 509 

Larirat 3N* 324* 343* 378 
LmoJt-acid i^rfmeot* 32S 

Lacuniir^ 1 <9 

UfTfu* TBI, 802^004 
LaharcIe, ^2 

Lmincllac, of Iwmr^ 147* l<S^ 149; circiiiii«- 
fnmlEal* I <8. 149; cpumMtIc,, 14fl> 149; 
mlfnthial* 148, 149 

Lmndna* dcntml* 280, Iftt; ipitml, 797, 
798; liWiml, 705. 706, "Oft, 7T2, 7lS* 
125 


Index 


8^ 

IiomirA, 392 
Lampfitu, 27 

Laitiprr* 25, 26, 209, 2G7, 31S, 3lfl, 
3214, 455, 4*3, 325, 532, bM 

f.jrmpfopiliit, 51 
Lnnr iJrt, 22 

7+4, 74fi 
LjiiiMf[tip S5B 

Liirwi^D-phamix, 303, 304 
Laryrnjt, 31M, +20, t3l-12S, 571; 573, S77, 
735 

Leittbra, 453 

LatL-rul'-tiiir romnl, 7*9, 77U 
32 

]6 

LAV^lNtCt;, 5S3 

uf diiirilmiliDu^ 63; t>f 0?TrfpD|iuliiikras 
65: pajfsmiolc^^alj 104] of iitiDiitY, t* 
Layeri frhm'nit}, !^7r ^09^, BlCI; 4'uiiirAt+ 
203, 204, 2^t: E^ndvmnl^ &B5, fi&S; 

107; r^iiLnIuxiuii^ 201^, 204; Jt|i:i- 
ilumt m. 204* 240, 2M. 

204* 205. maiElV, 065^ fiftS : injargisaai; 
|i05+ tiS^ HJTT^nii of rrbnii;, ^OH, £1 1. 
paffciii^Tp 2^% 20&J pjpnnint of iPiinA, 
ft3S, Wli 206; miimi, SOftf 

mlrrolk, iffV. «0T, SOO, 0!7; 

;33, 21^5, 20* 

Lfarmmgf 226 
lifathi'f, 2t>4 
I^Athr rLuni'h ^ 

Lfcilluii^ 156 

V»t4 333, 341 

Lcft-^luiJidrdnnti, 64* 

Lcfl* rtttbnnfiir:, El 
Luirt , 99 

t^TTnrtiiiA!iiSp median* 710, iTD^ 7Z6 
Lntiii^ *7, 233, 24 L 295, 420, +7fl, 

4 BO, *71* flyjjsif. 63. 201, 224 

Lcxiiiiil^Ell^ru^ 

Lciii, WJi, m, ftlio, m, 616, SIT, SIS 

LA^rdofi»/n. 33r 395, 406 

»S, 230, 457| 436, 4*2, 510 
Uiioh^i. 121 
Lrpifflrpb^ui^ 770 
Uput, »i5, 255. 439 
LrurocflfT, 133^ 535-336+^6 
Lewis* 131. 257, 469 

PTr* rrainu, 9|: whirlpool 04 261 
Lagimicni:, tirrwd^ 476p 4A7 [ falclftinTi^ 1 ] 6^ 
528; bjutu!, 316; UAfo-HiEn. 6ti; 

797* 796; iuipYhioft, 8|0, Sr*, 
SIT; uimivctte of alliH,. 5.41^ %'entml of 
hUddin', 32B, 439; vmtt^il of Ilvtr, 32a , 
vnko-unihOic^ilp 430 
ti^^EiTEmrum «airp£, 631 

IjPHt', 21 


Light raticjn, 491 
Lm% milk. 224, m, 226 
16, 26p 27 

LjnkIj 16 
Lkm, *5, 295, 420 
Lip, 274. trS 
UpAit^i 311, 333. 22T 

IiUTSA, IGS 

Liver, li, 24, Ifii, 172, M5, 308, 3I5-5E9. 

SIS. 319, W; drvrlopiwnt of, 3IS 
LivlTig^ ralp qJ, 2*1 

Lirard^ 43, JS-TjO. 43S; dii^iti^’r ij'iCriu* 
279, 282, m, 10r>, 30T; cnfkicrin-? 

507; JaccWitt'i orgiaD^ T79; IcgkiK^, 625; 
bO^-hoiit, 234; Icpiod uctivc iV&lrin^ 4*1. 
+63, 47^, 475; itfSrlcni, 599> 53+. 576, 
625; boiLbjca., 403; vcmi, 374 
LlarmL, 7L S34 

Lijhcj nuid^lp-, f|fi, 319: dw^ltk, 7^, 727i 
fronlui, IM; inferior tif benun^ 726; hc- 
nptmL 714, 740 nlfBuliirY^ 701, T04, 7T2^ 
IZi, 725. 727-729p 7:i3; fr, 723- 
726, 727-729, 730, TID; piukial, 714: 
pituitary, actlFrioir^ 595, 506- pitiiirarj*, 
Mktr.rmf>duit£!, 506; pituitary^ pusirrior, 

5115, 71 1 j pulniQi»aryg +12; pyrilorav 
712^ 713; Ejiuidral^, 110, 315; (cm- 
rwjtii ilL 743; tfi^ciUiDMl* 723; va^tuT 
723 

i^ibulr^ r4r. ; furrtal, 43^ 

I^tuikatjan^ certbral^ 715-718 
laKTonuaEiDii, 29* 20 519* *00, StH* 6'iOj 

642 

LtjfitS^'rhrud^ 48 
Lfsfjm, 82 

253 

Loan, 56 

L 0 OP, aortic {aftmiJ), IHS, SilC, 361. 38*1- 
m. Henle y 433, 434^ 436; tadiai, 2S9; 
tilnar, 359 
LophtKlottt^ 296 
Loudjii^u, BOJ 
Ldx^cfdantA, Ti 

LoHaEi!!!^ 4*1 

LttLldum, m. 204, 2+a 
Lull, 97 

LimiLtuiQ, 628, 633 

Limi?, 316, 3d5, 4ni_4i+: atriinni, 408? ca- 

patily, 419; dcrdopujlixit ol, 413; phjr- 
loQToy cd", 406 
Lunfffnh, 4CKl| 492 
LmiuL, 249 
Lulrin, 465* 509 
Ltflri, ifi4, 253 

Ltm, aa 

Lvell, 96. 97 

Lymph, 142. 377 j uoijc, 337, 380: lac, 
179 


Index 

Lympbitk, 204. «3, 346, 377-381, 

378 

Lyniphonvifip ^ 

LynXj t l 
Lyn tnnls, 248 

263^ 679j 7SS 

Ma£iKik^ 425? 

MaclcdcS, 35, 288, 312, 48J, 62+ 

49 

386 

M^ctifpnS:^ 60# 32Q 
MftcroaTnaticTp 774 

cGTOTQuuii^ BOa l [a^ciaat^ 786, 802, 
m; lulHi, il5j nej^Ietw, 002, 603; ec- 
tuU, TW, 7W, 797, 803; utticuli, 766. 
198, 797, 8«3 
Ma^dclcnilul, 118, 119 
6M 

Ma^i«m, 629 

663 

MaLir, 293, 555, 595 
Miilnrtk, 108 
Mttllaiil, 412 

565, 570, 571, 572, 573, 581, 582, 
781-793 
3 

MAi_p|am^ 203, 341 
Maltmc, 323, 327 
MAtTfiiiftp 85 

MAium^^, 57, 222, 223 i lyprrniimci^ajy* 
22G, «7 

M^inmal^ ulim^ p^krfedi, 509, SIO; 
of, 103; A<^i'tk l™p*T appc^*' 

da^ 603. 625, fiOO. 031, 6^-641 ^ arcJii- 
paliiim], 712; blood pUi£let», 358; bfsm, 

700-716, 715, 729; brcathbtg^, 418; bretd- 
bmKhiait%, 405 j cirtub- 
tjoii plan, S43; claw, 237, 238,^ 23^; di- 
toru^ 480; putac carc^ 269; offpiilalinn., 

473| dfvdepfn^t of, I73i 174, 1^5: 
diE^ritlv'C iv^irni, 270, 272 S ^58# +53p 
454 J cjiidfjraaV sbmdi, 219-228; erf- 
ibni^tn, 333: fi tai tlivclopci, 4®^? ^ 
625; rrk:tKin tidgcM, 257-260; hiiT, 249- 
257; hmd patalc, 302; biTirt^ 3», 361S 
intcgui.™t» 2J3, 214. 219-226; int^ 
lijif, 313, 324; iriftndi of 
512; kidnej, 43i, 445; taryn*. 4S3-425. 

luiigi, 4J2: lym^ hfarti, 379; mrniniffis 

089, 700 j mrwin pphrcH, 445; mftaftepb- 
tm, 445; trujuili 279; TnuKlt*, 

655, 656, 660-665 ^ Mrve nird, 667, 688- 
695j 6?8; occEpital condyle^ 568, 59f* 

593; flViiTv, 461* 465, 509: puTtcfrai, 

321; pamtb^TOEd Rialids 502; pectnrtJ 

pinUr^ 6Z1, 612, 623; prlvir iptdif, 615- 
616; psRifls 476, 477^ 476; pmeal Wv 
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(tfriplkydiji 507; pitiutafy 
606 . 306; prcJitate filEHidi +82; nhi^ 547; 
Kdeip 213# 233; leminid vctkJc, 481; 
keH! 77+# 777 , 779, 761^ 18 S— 

M4. WH*-820. 628-830; itull 562, 
566-582, m, 370. 576. 562, 59D-fi00, 
5Mj iicruum, 551* 552. *rdmiM::li^ SOB: 
trctiii 291-293, 295; imim, 457# 508; 
th>inut ;ifl£ttid. 50 Ip 503* 501; thyJtnd 
«ljuid, SfM); tmigtEi:, 232, 263-267 J 
Tfuchcik 404; uriAAry blnddcr, 438, 439; 

uiint, +36; luajpiuilal ijiicti, 4S6p 469^ 

470: 479; 375* 676; vcf- 

tcbmjT# 525, 526p 53^ 534; vokc, 420 
MainmflEiiij 17, 57-80 

Maminiiry, Apparntyi, drvrtojJinptil cif. 224^ 
225# S2fl; body, 706, 718, 71712, 718 
MauiTiHrfK 7fi, 96, 100, JlS, 12+^ 2B9 
MAimlL'e, 76 
MamUblcp aSap 682, 775 
jindt tmlifr ATcb, 281, 562, 373, 577 
Mandjiil, 243 
Manr. 230 

221,233,291 
Mantkp 203 

MARybrlimv 551* 552, 553, 622 

Miimjfivtp 679 

Marraw, J^I3. 151, L52 
Matih l^cd, 57 
Munipobraneb^ 390 
5 Lu:ato?<, 124 

Man-i-ipiill, boRjc, 6lJ; djgjentjwe 

2ES, aoi, 292, 313; kidiify, 431; laryM. 
+25; nippK 225; punrli, 227: rcprcKliK- 
tivT I'^'ttcin., 4 7 Dp, 4 78, 481 p 4921 ifciuSp 
376 

MmypbdliL# 39, 60, fSi. 92 
IdAmiprura, S9, 227, +85 
Marirn, 295. +61 
Mj&m, i4m=r tdl* 174 
Mjiai JiilPjTDcdii, 708 
MaxiiLatjyn, 274p 309 
Mai:foLd oUi*. 5^p 791 

Matter. gi»y, 666p 69+j 88Sp 6S*6; wliltf^ 

686, 695 

kia.turii.tkin ^ 156—13B, 166p 484 

Mj^vpAp 271 

SEE. 578, SftZ, 773 

Ma.’vlKliirv. S6S, 671, 575, SI3, 578. SSTp 
587. m, 5ai!> 

Mratkjt aydltory, cilinkflU 397# 

7B8-791. 792 

McL-kd^A cartUaft# 280 
Mcdia^ituu-. 402 

MrdiciMp cTKUlvi?, 191 i CllTsUvr# 191; 
prrrtnli'rt, t9i 

Medulla af Adrrtudi^ 510* 511; of buif* 
250; dblflngaiA, 693# 706, tOT, 78^. 709* 




S5S 

TlDj 72tl, ii£l—dZii of ihr'ir)'|| 4S3; fcnaJ. 
431, m 
Mrdoiac, 340 
m 

Mtt^pteFiXf 79 
Mcioso, 

Mmrbnuir, hwHar* m, bnmrhM»ti=> 
ff»lj 415; cell* 130; cmbrKtjnic, 37* ll, 
44* IGG, m, 35t, 38^ 4M; mumys^ lgi5^ 
275^ 580p 479; i:iktitatbi^. 741, 818* 
S25; 129; ollartor?* 77$, 

pcriodontat 187; Reusiicr\ 78$; ScKtici- 
drHiiii* 403; wmlluiuiT, 03* ihtU* 132; 
fynovid, 328; iwiotiiil, 738* 799, BOO; 
lh> tt}}tT{iid, 05 r tympimir-, 373* iTP, 396, 
791* 792, 79S, 794; tympuiilorn] ir[tcnul, 
423; vutibniaTj 7^i vsidlme^ 159* 452^ 
MrruJrlfim, 181 
Mnihif, 113 

MrflinKj 53-3, 69$, IS?; prinudv^ 899 

Mmop.iiiit, 49 Ll 
MrnMrtijilioa, 481* 4&9, 508 
Mp.^-TCL, G4b 
MejTliMJl mmpt 93 

269 

Mrnnsiid, 77 
MfrychipphM^ 99 

Mnrncrphdem, 34S, 703, 7$4. 710 
MdumdiKuief 165, 1$?* 168 
Mcjmicry* 3?6; dtirral, 18't, 1ST* 171, ITS* 
326; pro|>er, 328; vrjuril, 165, ICT, 326 
Meierlur^ld, Ml, 566* 569, 380 
109 

Mnocjirdiiiiii, 352, 351, 351 
Mem'MJc* TG5, 706 
McHocduu* 328 
Mmcixndfonii, 629 
MtfxcdAciuu* 270 

MeEDdcrm, 163, 167, 168* ITl, 173, 174, 
17!f, i76, 306; tiilfcrrstiAticii of^ iei, 172; 
JcMinalJiftrt [64, -wiiLatk, 162* lfi4^ 
172; ipluDdimi* 161, 164, 172 
329, 430 
99 

MrjoUthk, Ija, 119 
Mctomcre* 164, 165, 167* |€B 
Mfiofurplu^ 443, 444, 467* 468, 469, 

Mrtanrphrm, Z67* 440* 443* +44, +45* 456, 
462. 467* 468, 471* 471* 497* 511 
Mw^erTKimn, 619 
M«icrcliiuttL* 436* 474 
MnoT^etyni, 32a 
Mciiiiybarium* 47+ 

Mncn'&rium, 460* 4T+, +73 
Mmmie, 45, J03* 127 
M^SiSER^ 675 


Mtta, 59 

MrtAlidliim, 5; CRldiun. 503: t^adrahy- 
dratc* 5 S 2 

^rcUcBJpal, 807, 62T, 629* 632 

Mel&EjDcJc, 705 

Mctaeonid* 296 

MeLu:cnu», 298 

MctBJBtrt, 9 

MctBcncdnn* 9 

Mct^itiuorphopik, liinphibLan* 37, 26B ; lujiK^ 
ate* 19* 20 ; imnlpic* 41 
3letajicphndja^ 445 
Metftncphrtki, +40, 44a. 461, 4$8 

MelApliBK>^ 13+^ 155 
Melinplriird fold, 22* 23 
Meioptirngiuin, 609* €19 
Mttapttr>eDidj 575 
Mctai^ind, 607* 627* 6^9, 636 
Metathezia, 58-^, 59 
MtxicHxniQy^ 325 

Mctimccph4l&ti, 703* 7IM, 709 
Mi'vbje^ 517 
MicTuei^K^OEm, $46 

88 

jlficryr^nyW^ii^ 29S 
MicTma, 334 
Micnipatbda^^ 189 
Micro^atii:, 774 
MirTumi^ 51 
WictuHtiqn, 439 
Midoj^ 253 

y idljaiiv 349 , 710 

223^ faird\ 30^ 3 %- chiuU* 226; 

321. 228, 

403- hJll, 225, 226- Lnc^ .22+* S25, 
226; p}g^na% 506; pockei, 225, 220 ‘ ^o- 

ductiot], 509; uttnoi:* 4^3 
Mink, 65 
MraoT, 700 
Muemr* 125 
MiR.^REAir* 292 
illtrfqrRnjf 306 

27 

Miidefoc, 87 
MrrcfiEii^ 436^ B30 
Miumft, 133-135. |36 
56, 06, 622 
ModlijJiiz* 797 
Aivh, 397 

MiiLir, 2!l|j 2SB 

Mole, 58, $2, 63; tm-icaJ veriehcBc* 533? 
difttdvp lyitrin* 285, 292, Z9S int™^ 
Riftkt* 221| 233j 251; mariLipial, 61; rr- 

prudmrtivc lyiteni* 478* 480, 4B| 

Molguist. |8 
MoltLiik, 12* 1%, 275 
MoltijiR, 247, 249p 257 

WimirajiK*^ 295 


Ind^ 

Monlcry, 5a, S7, G5, SB, 3S7, 376, 3t3, 413, 
420. 425, 478, 48fl, 679 
M emo-, Sfl 
xMonoCyf^ 536 
Monedun^ 7P, 29& 

MonDntnsitA, 495 

ManaphyfHiont. 292 
Monotrrniiita^ 59, 92 

MonotT^me^ Mftbfmn, 7l4; di^c^jdvt tp~ 
irin. 276, 2a5. 291, m, 313^ 323; m- 
tr^unuMd. 227, 242: ncpniduciivc syjstEin, 
478^ 4BI: nfspinitory- irriscmp 412, 423; 
uriEUTX' blacidifr, 458 
Motis VoicHi, 4Sfl, 491 
MoniuncDt^, H5 
Mou^, 46U 

73, 2.15 

A/flnptyrBjr, 1 

6, 13, IflS 
414 

Moth, 772 
?ilaund9, ] 14 

Moirtc, 65, 220, 223, 255, 256, 297, 100, 
420, 443, 401 j spffiy, 252; v^jjtiine, 7S7 
117, 110 

Mouth, 274; fil nlllgalor, 274; ol ncsLhnj^ 
bird, 274; protrimhlit^ 273, roof ol. 277, 
302 

MiiVTXOFTltp KtDgfi:, 520j $31 ^ of tOmEnr, 
281-284: of vettebrac, 538 
Mucdki, 270, m, 479 

Muciij, I9fi 

MtpiJ puppy, 40. 41, 202, +07 
Mrutpii, 3i3, 754 

Mtdthnij^^liLLUj, tuxjui, 629, €32; minoti 

629, €12 
4fttn^rnd^.. 777 
A/uj. 65 

642; Ahdiirtorp 650: H<Tomiodel- 
laid, €55; 44^iwiiutnipniut. $55; ac- 
tioD, 152; 550; ristrtjeoiiJjtTC, 

152:, 511; npprndkulflx, 651, €57; «r- 
rretor pilfj, HI, 25i: Aryfi'iiifHt'pitlciltlc, 
423; flssal, 55 L 652: bkccpt bracliti, 646, 
5fT; hkrpi frfnorii, 055; bi rtchialu, 65D, 
6S5; hi-jim huiuitfric, 167, 651, 650p 7+2; 
buccinator, 605; cardbc,. IS4; tat, 6130, 
651: fxandofcltintiiltlp 653; ccphmlahu^ 
Fiirral, 65S; check, 662, 663: tOtan, 740, 
m. Bin, 817, 810; armlar, 271; da^o- 
IjrarJiiiilttp €50; coOi, 653; crietHlItyrtud, 

;. dclLiitd^ 647; depmorp 638; 
digaatfiLp €55. 654 p 655p 659, 71+: dikts- 
iDf puidUdc, 611, 81T, linrul 056p 

donaiu irapube, 654: dmiiiizifnE, Ifli; 
ratp 662, €63. 790; ctlDtrirrp'j, 650^ €55: 
rlwator, E53; cndouriccpi, $50: cpaii^l, 
i78p €«^; fi^ilmchknif, 650: exirmni in- 
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wrctHiilp 655 * cEtCTTUil oblique^ 654, 
$55, ctlcroal irclui, 653, 720, 734, 741- 
cxttiruiEi, 2S[, 203; pyfball B^dndt^ 
652, 653, 017; c>TbroWp $62j rotml, 661, 
734, 74?: fin, 650; gajicoiznciEiiiij, 655; 
grniipjiEcHial^ 261, 653: ^fcnioh mid, 033, 
$34^ 665; gluteui nEuxiniEu, 631; htmd, 
652, heart, 134; homolo^kcx, 647: hti- 
nian, MS, €63; hyoglcuxal^ 28], 653^ 654; 
hypadaJ, ITB^ €34: infrmu chliqui;, 652^ 
$63, 733 p 740; mfciioi nprlui, 652 p €53^ 

733* 7i0; mifcrtiDii 647; inE^i^uitiental,. 
$31, 659; intcinal wferrtnut, H3j : in- 
tciTiEil oldiqucT, 654; btemd reciLm, 652, 
633, |2S, 731^ 740; intc-adiiid, 271: in- 
ijinfise, 201: irt^nlunlary* 134, 167, 631; 
irif, 63l, 740* Blip 817. lutiaiiinui dani, 
|i5|, €35 L €50; ItvatOr piLlprbnur, 662, 
T40p BiB, Lffvamirii lUtuum, €34: ImguaUf, 
054; lipj 662p &€3 ; longbsumu 65E ; 
IcFtigitndttmJ, 271: nuusetcTp 65-1, 63a, 659: 
llmbtflCcpl, €30, 6S5. metamictie, €51,, 
€52 S untncdCf 66 J ; mylohyoid^ 063; 

niEEai, 662: intrirmip $55; ur- 

bicDlAiii 6€2i 663. 810; paii!i,]r.iiliiii 

carrvQUi^p $6t; papillary^ 361; paiagial, 
660; perVepnnlibrAehidti, 650: pettnraip 
223. 647, 650. 655: plat>tnia, 662* 734: 
prcHConscobinri^oliip €54; piu^rc*iFvr, 
E$1^ piaoji, 655: ffctut ahdaminal^ €54, 
€50; regrcadv'Cf 66'3: rctiairtot bulbi^ fiS'i, 
741; taUmnndrrfp €34- ianorim, 655; 
iCidimm, 655, stralp, 734; icmitcjiilliioiiii^ 
€35; cerratua, $47^ $55; rhuddering^ 6611 
UREKitIkp I50j m^nificuB, I0l. ^ihirELirr, 
656; ipliintier colli, €61, €62: iphintter 
pupilint, 01 tp 817: i^modelroid, 635; 
ipinutMp«^flUJ, €35 atdj^edhu, 639* 7941 
662; itcmocIcidoniBitpEd, €59* 
733, 744: Ittmuhyoidp 6^; iCrmciriie^ 
loid., $55; itmuJthtTuid^ 655; Atrintcdp 
I S3, 1S4; MylfiElofrsalp €35, 654; stySo- 
hynid^ €51, €55, €59^ 7^4, mprrror 
□bliifuc, €52, ShtI, 720^ 733, 74 I ; tkipcriai 
rcctiii^ 6yi, fiSS, 126, 715, 740; trin- 
pnr^L, €33* 659; iriwnr fiwetar lalar* 
$53; tPiuior tyrnpanip 659p 794: ibyro- 
Mrytmoidp 125; thymht'C'itJ* 42S^ $55; 
luihgur, $51i ?35: iTfiiinvniLt, €34, 

trap(rrluip G47, €34, 659j 735, 744: yco- 
mil iniiiltp €54; ^rduntarr, 154, ICT- 
xiphkbiiinrrdiip €53 

MnscMkr-icniCp pxqpnoccpiivtf, $92. TtV* 
719, 765. 85D 

Miuciduf, 047 

Mudt, 773: drerp 222, 334; ox, tS 

Muiijiii, €5, $T 

Mussd, 2LS 
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index 


Vf^xtoden, 396 

703p 7W 

Myriiatu [iun, 6a9| 697 
MyrtocMlr^ 706 
MyliptutidKf'^ 460 
Mvi>, 163 

MyDCutdiuiiL, 35 353 

M>waniRi3ta^ Z2, 522, 650 

Myiifibfili, 152, 153* &43 

643 

Af/fiJhifmriHf* 25'A 
MyyM’ptiitn, 521 
63 

MyptMf. 22, 165. 526, 647, liSfJ. 661 
70, 291 p 333 
MyitAceceil^ 79^ 291 
Myxffclrjxia, 501 

24, 27. 391* 4G3, 505, 723* 7B7 
Myion^ 26 

Naib, ^7. 23% 210. 241 
Namc^ firirntiHc*. tS 
NAPDLEaii^ 646 

302^ »74i B7R. 
5T0p 5*7^ 71a* T78: IntmaJ, 302. 

W,77B 

70. 299 

Niual. hmir. m, S61* ri6S, 574* SIS. 579* 
581* i82, 587p 539^ CAp%u\i-^ 2^. 565; 
rvtiUipr, 591; r»vf^* J03* 401^ 403* 412; 

miuclri^ 662; Jtpium, SjD; 416; 

tfuMptsJLrvuc^ 3D3> 403 

NdR-iufliitiHl* 568 

^ir.vlcijliur. 628. 629, 632. 63y 
NaAL* L?5j 613. 653 
Ntahdrrtbal, 122* 124* 125. liS. 127 
Ntck* 533; &t rib. 643; 0 jf ifti- rth^ 287 

41. 202, 293^ 378* 396* 406, 40S. 
416. 421* 530, 54fl, 349, 569* 576 
Nrruat«r^:il* 215 
Ntfr. 54 

33. 395. 406* i7L 627 

XroJiih. 117 

Mcolilhic. m, 117* IIB, nO 
MfCimorpK. 524 
NVopifelljum* 712* 72B 
MeoicJiihiM. 54* S5-S7 
N’ccntciuimik, 551* 554 
Kripluiflia, 428, 432^ 444 
NrphjidjDparev 440 
\>pliTix:orlf<, 441 1 441 
Ncabiwlcnrif^ 446* 441* 44^ 443, iM, 446* 
435. 470 

NVphTvtome* 441 

Ncfrtp 155, 67$: abdiif?®* fV| 633^ 7p| 
Tra* 726. 7H, 736* T37* 740, 74i, 


ti£ (aoditorrJ (Vlll), TOS. 713* 7Z8. 
734. 736* 737. 742. 797; brun rh iFil , 7+3; 
CrrvEcalp 6S0, 708: chmit* i^-mpmlhctic. 
$81; cftcM^f. 742* 797; turd, 20. 
144, 164. !78* 287. 442, 322, 677-69®; 
mn^K 2M, 715, 726, 731^744; 
rramal* mkrti. 73$; cnuikl* mmiar. 75$; 
craniiiJ* ictitdry, 73$ ; citdiup^ 204^ 757; 
facial [Vll}, 639. 70». HI. 734, 736. 

737. 742, 770* 780. 7fil. 6bcr. 66S; glni- 
tpphityn^ral (IX), 659, JOB. 713, 726, 
734. 736^ 737, 743. 770. 781; Mujiimnds:- 
buW. 7Z$, 742 j bypcH^iEmtii {XII>, 650* 
70B. m, 735* 756, 737. 744: infraorbiial 
tmnli, JM; ktcr^ 72fi, 743; irmiidibulax* 
726^ 737: umiiJiaTy* 741; otulon^utur 
[HIJ* 652, 653, JOB. 710^ 71% TZfi* 753, 

736, 737* J40.' olfafl^ry (1). 712, 733* 
736-738; ^kphthaJmlc. deep, 736. 741; 
ophtbaloiii:, aup^Hiclal* 72G. 741: cptlc 
(IE)* $53, 7Dfl. 711. 7M. T3fi, 733, 736- 

738, 738. BOJ, pilitinc, 728, 742; 
pT-lvic, 747; pharyngeal, 73$; pbrcnic, 
648, $5 7; pnstuicituiic, 73$; prttrcEajuir, 
T36; sjMiiaJ. ntJ, 677. 679-685; ipinal 
acT^niwy (XI 6S9, 768, IJ3. 735. 736. 

737. 744; ipuii>c?anM. 732; ^iriti- 
EK^ipital, 73$; ipknchnic, 747; tcmiinal 
jO), J26. 73% 736, 737; lrtgi=miiml fV)* 
859, 708, 713, 733. 736. 737, 74t, 7Ji; 
trwryear flV), 652, $&3. 705. 70®. 716. 
733. 736, 737* 740. 741; iX f, 54Lt. 
659. 708. Ill, 72% 733. 736, 737, 743* 
7 7Q. 7$ L; vaKwlilaturj 477; v3s>4nH>iQr. 
348; vettEbuiAf^ 742, 797; vlyxniJi 12$, 
743 

Ncrvoiii* pathway?. ButOnaniiCp I4T; palh- 
wav't, craiikupinjl, 718^-722; 
iiitcPDiinMe, $78, 744-752, 747; ftyrisra, 
cenlivl, 676; iyitem. pju^ryrapAtliiMlc* 
I4J* 753 ; fyalem, peripheraL. 676; tyi- 
tympathetk, 510* 747^ 751 
Ntlwark. n^ivc, 673 

NtrurA, Brrh* 522. 525, SM* 533; canal* 
522; emu. 674, $75; loldi. 162, 163. 112. 
173] fi^ngikm* E9. 20; gwvt, 162, 17$, 
571; pW^ I6i, m, 172, ITS* 527* m 
874, $75; ipiiir-* 531-623, 525 ; tiibc. 183* 
173. 319, 522. 874. 675 
NcLLTEELicrir caniil* 183^ I $4 
KctiHtr^ 155^ SS6, $67 
Nrumblitic^ 667^ $3^ 

Nrtiincoflt, 183 

Nrnracraniuni, 280. 555, SSa* 559 
Nenmhhrif, 155, 669 
Nrurq^lia* J55* 666. 805* 6B6* 812 

SriiTOhiminr, 217, 667 
Nrurnhvpnpbriti^ 504 
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N'damlrnirns, 5SB, 

NcuraiMJt, 7fi&p 77D 

Nriiron, |5Sj 6fl5; sifTcmit, 687; aisQ- 

rwdmit 67Ip G84: hifraUz^ 66B; 

&87 : f(tlll|JIiJiiiL\ ^ rttiaa^ All, 812, 01 + ; 
inKrmfdidie^ 671* 7iS^T3l» 74,i: inltt- 
racdl^lCp lif rctma, Sll, BJl, 01+- nwtar, 
67S» 687^ fiW ■ xnultipalsr, 869; pwl- 
sangJiani r , 745-719; prcfstngl ktnic, 7+!l* 
T+9; pTCrptar* of rrdni* 818t£; irbyhig^ 
fi71, B9L 718-721; ol leroisd Aider, 71g^ 
72J; aenwr^p GT3, 657* 690, fiOl, 695. 7D1^ 
776: lomatic afTereei, 732, niTFaiu: 

afferent, 732^ uimalii!: mater, G67| T45 l 
M imalic ieiuaryi 68?* 746; miipniaTp 668^ 
vucemi affcjcDt j icnaoiT.' J , €87, 733^ 
7-15; TdJtciil effrrnai (rnaim), €07, 732, 
7+6 

Neimapore, 163. 3+9* 674 
Ncutjophllf 336 

Ne w It AM, 32, 40* 41* 42, +4 , 45* +7* 4S* 
49, 55, 61* 62, 64^ 66, OS, 217* 441 
Newt, 4<l* 536 

222, m. m, 225, 2£«i, £27 

Nocireceptorj 76fl, 63S 
Nodr* aiitiriilQ^^ntriraLiir, 363 * 
jI+O ; Jvmpli^ S37| 300; of Kjmvier, 669; 
iTtiii-^aurirLilar. 363 
NAO-iiliapULbilitT^ 8? 

NAn-chetdiite, 12 
Node, hrain^ 703 
Noflltili—lec 

Noiochoid, 9, 13. 144, I7S, 442, 524* 535, 
327, 53 3SS; ammocorlea, 207; 4ifii- 
phlaami, 32, 33; fqmwtmji el, 163, IN, 
167* m* 173, 3 73, 174; (urvicatc, 30 

fi| 

jyclajfTnm^ 771 
A'pfQthfrium, 99 
^irlialrrmif* 38* 405 

NuelKiK, 323 

NimJcqhjf* 130, m 
NuLlcoptjUID* 130 

Nudrem, 129, 130 j abdureni, 734; am- 
; miteatui^ 710, 719; dor* 
fdl mtitnr of Xtli, 735; tkrnallA, 667, 
691* 720* 721; Edmgfr*W«iphfl1* 753; 
^nu'.irLi, ns* TIB: haUetiukr* 507; h>pi> 
rIdsm], 735; luEriici iaUvatmnr* 734; 
momr df Vth, 732; mcpEar qf VlTth* 
734; ecidcKnPtJW, 753; uf 453; 

puipofiui, 639; mpcrkii saJivatKy, 734; 
itm^lcar, 733 
NinJiaifh^ 57 
N>Tnpliii^ 47S^ 

ObiidiuD* 115 

Orripitd* bone, SU, !i66, 570, 5Sl3g 502. 


534* 558, 539, 566* 5FT, 537* 

5S9, 502 
Odufteinut^ 66 
Odonlobbitp 280. £89, 290 
Odwnocftip 79, 290* 292, 295, 310 
Odor, 773 
493 

Oiko*, 82 
Okdpin^ Tl 

OJf]]u;tA¥i^cpmT, 759, 772, 77fi 
oifncmry* bulb, 708. 712, 7t3; 725* 730. 
753; CBpmlr, 556, 557^0* 569; center* 
716, 771; lobe, TOIp 7M, 712, 734* 725, 
727-729* 733; membranr, 776; arrve, 
712, 733, 736^738; pit, J03. ms^ 557, 
736, nalk, 733, 725 
OEigoccnc* 125 
Omaittm, 309 
Oicoeutai litirta. 338 

Dmentump greater, 338* 430; burr, 328 

OninjAlkljan]^ BOS 

OmriLraiei* 264 

OoKjtteruuiD, 549, 530 

OboAiFF^Eii^ij 99 

OttyiJtodictjflv-it 

03c>te| 136 

O0^L[)ciiciair 465 

04igfin£it, 136 

Opeajnfi^^ aiid.1,, 324; alHal* £0: itui^ 
vcntriculfiT, 355: aufieulA^rlitrirular, 
35T| 350; dooEal, 306; ainujitrEiii, 3&S; 
qFrtlir&i* 479* 4H9, im^j^iiLtili* 4S9, vagi- 
Dili* 489 

QpcTtiiliir. S6l, 564* 575 
OpeiVuiuiq, 392, 395 
OphidiD, 49 

^65 

O^kLfd^ufaj, 50 
OpbthiMiDrlcLu, 520, 510 

Z|8p 30S 

OpiiiliD^ 930 

Ophrtlmtic, 567* 56B* 560, 560 
OpcMium. 60. 61, 214, 222* 227, 253. 297, 
298.478. 4?9 

5?l€, J90*40| 

Opienini, 191* 359 

Optic* rapiulr* 558. 557, 566; chiaania* 

704. 708, 7n* Top 724. 750, 7J9: cap, 

705. m 811^ diic* 014; lobe, 701, 711- 
726. 737-729. 739* 7|0; Itrrrc, 6K, 7^* 
713. 725, 726. 733, 736^738, 7»* 80?, 
SnO; imli. 705* 806. 814; 

809 

Ora lerrata. 807, 810, ai2* 817 
OhlI cavity, 275* 277* 103, 401 
Orxng 66^ 125. 1J6 
Oibii, ISO, 57*. 578, 579, 587 
QrhitDi^hnmld. 568, 500 



86 




Orca^ 79 
Qrchi», 460 
Ofdff. 14 
Ordm ki3,Ei« |03 

Ori^ci, 141 j adhrscvtri £0; chrmical sense* 
772^ cnpukfm, 47M^^ flf Ccnip 734, 
79*» 797 p 798, 7^^ SOl j cutanroui stn^, 
7£0. clcstOlii:, inumitl, 2»3, 289; 
i^eitiLHl, 4171 fimivLty, 784- hvdixPiEiitk, 
40(1; intraniiftcnt, 475; J acabwii'i, 574, 

778; IaietbI-Iiri^^ 74lj 769; li^ln fItiminci- 
t^TDtji 214* G7lj 

pArif^tiU—fee j^iieial body; pineni^^c 
piiirja h«lv; pit* 7€8t 77(1; cf pEcturnsbit, 
273: pfesuic* 7fil; reprciduinivT, 47 S, 
479; mptmlory, 184; ictac^ 167^ 2 (h* 
753f iruui^ 157; smell, 772; lUlo- 
9ic<wtie^ 7S4i laiJire, 772^ 7aE3-783; loueh, 
7m i uru^riiind, 471, 479. 488^ Weber'i. 
400* 787: wiicci, 22 

OrguntiHtjeiE centris^ 178 
On^httlo^^ 167 
Orientation* 7fi0 
Origin a( tmiHlc* 417 

Orn/rAo^jh]rttr/k4Lf^ 58 S9* 221, 253* 463* 

622, 678 
OmiUnn^ 54 
OT&hipp^ti^ 99 
Orppbar) UK, ^3, 504, 403 

Ojtli^l, 2«J4 

71, 72 

CH priapTp 479 
OjiBfrBTS^ 2r^B 

O^pKrpm^tnuit 366 
Oiprr-v, 213 
Oiik;;ep* 232 
Qftrithtli-prs, 29, 32^55 
Ofiov, 251 

Ofteofaldfi, 147, 136, 153 
OtlruLbii, 147, I4a, t56, 151 
OitLum ihibBT. alxIoEDiiuJr, 4iT. iSl* 168 
470, 171, 179, 485, JSft 
Oftrjico-* 27 

ChtlE^oderm, 27. 29* 229 
Ofirirh, 56, 24T, 477 

Otir, botiti, SS7-3II?. 5H, SfiO. 5*7, SM; 
cap*<iW, 556. .t57‘ J39. !H*+, 563, 55B; 
767, 7B9 

Otocnnij). 786, 802 
fltolith, 20, 767, 81)2 
Otter, 50, 04, 5t)7 
OuttfHo<t«*, 2W 

OuiIImw, ftanlal, 746, T47; ucral, 746,747: 

thawicu^lumW, 746, 747 
Ovd, 400 
Ov«ri^ Oivrlf, 46! 

CKMy. «7. 455. 460H67, 161. 465, 466. 
MS. i-l. 471. 479, 4JW, 405. 4TO 


OvripopuIutkH], bw «f, 85 

Ov'crteiii?^ 801 

Oiiibot, 75 

ChUJwt. 461, 162, 466, 47{J, 471, 474, 479. 
466 

O^i'tpomut, 472 
Ouii, 7i 

Ovisac (ovarian *«|, 461, 462, 466 

Oviibtirin, 49a 

Ovuk, 137, 472 

Ovum—pee 

Owaff, 460 

Owl, 37, 238. 270, 513, 461, 333 
Ox,. 316, 430; rtibtk, 73 
Oiuh22 

Oxyc^ea. 262, 301, 202, 303, 3B3 
Ogry'haciiuigltihin. 333 

Pttfkyornis, 622 
Pail, digital, 237 
PaddlcKxh 3i 

Pacdoi^iiic, 21 
Pam, 692, 717. 719 
Piiuiting, 111 
P^oiilh, 117, 118 
PoLieuljtliir. (17, 118, 119,236 
Palattimattadom, 76, 2% 

PalBrtirttEtloKirBi bux, t04 
l^iu-urok, 103, 127 

Piiliite, hard. 277, 302, a03. 670, 576, 379, 
778; wf^ 277. 303 

PaUiiiic, bone, 56S, 575. 376, 578, 579, 580, 
502, 55T, 585: ridges f tugoe), 377 
Palak^plerrgqid, 500 
Palntoquadnile, 562 
PoUlum. 712, 721. 724, 725 
Palm, 629 

Panerras, 167, 1T2, 305, 306. 915, 315U322. 
2J9, 330, !S7, 430, 5l2; dcvciapincnt of, 
SIO, 320 

Fangotiu, 71. 121, 213, 221 
Faptlli, 205, 283; baml, 803; denial, 2S9; 
denuol. 205, 221, 241, 245, 250, 2S1. 764; 
nnjilnigcal, 905; fcBther, 211. 243: fiU- 
forrii. 282, 284, 285; folbtu. 282, 284; 
rungifuTiD, 28!, 284, 285. gruitol, 462. 
W7f (laii, 121, 00. 23lj Imgvial, 284, 
780; hutririvr, 305; icna). 491, 433; 
wolliry', iKi, 764: taste, 292. 264, 285. 
701; iireihiiil, 4T7: uriiui)', 174; urt^ 
Oeuital, 4TI: vjOal*!, 2S1, 284, !85 
PapiILirv, 2te. 206; rids*; 250 
Parabjoachuv 40!* 

Parnchoidal, 536, 557 
Fdraexfny* 

Patraeonijj^ 

Paradidymb, 457. |68, 487, 488 

Fiuni^xngK^ 
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Pafakippus^ 

772 

Par^phyiii, 507, 704^ 724^ 726 
Parnpaph^Tlj, ii[Z2, 523, 54^ 

P^r^ptW, 5M 
Farajitf, 2S4- 
P-1 nm LrnlfMfv I 

Paraiiphmciid, 573, 57(i, 577, 5SO^ 587 
Faraitrrniim, 554 
pHiiitlirrudi 455, 5(Kf, 503 
Faficinlt btdy (4tgAii]i^ 4, 701, 705^ 

724, 72B, 820; l»ani=/555, Mt, 567, 56ll. 
569, 571, 575, iTB, 5im, 581, 582. 585, 508 
Paait^. G. E,, 217, 687. ^72, 118 
Takker, T Ji* 38 
P»n>Qph«Ton, 408, 487. 431 
258 

Parmi, 57, 4fil. S30, Tfil, 028 
Pafi, auiTTw, 505, dki^LLi, 50,1; inlmnriiia^ 
505^ 5061 nc^rvd^a. 505; liibcfalii. 5^5 
506^ 500 
PoAK^iifcimirt, 57 
PAHTsrfM. 5, 188 
Patch, Ptvcr\ 311 
Pairlk, 533. 549 
Path, Oiuii eoDutton, 694 
Pitholo^, 182 

Pathwavj^ ixiitfMiQimjC;, 717; o-BmeuipiJiat, 
715-722 

Patti N, MO, 350 
Paunch. 300 
Peacock. 248 
PiAJtL, 50 ^ 

P^catif 73 
Peer ary. 73 
Poctcii. 821. 828 
Fed-, 65 

Prdkmrk. ci^rrlidlar^ 7fl7. 710, 720, 
CFTcbml, 70fl. 710. 715 
Pckinj^ fPBipirLg> num^ 122 

PdkaiK 55, 216 , 410 
Pcl™^ rrninlr, GT 8 ; rrnaij IST, 433, 424 
Prnifiiiij, 56* m, 247. 53U. 53 J 
Ptnii, 473. 475, 178. 477, 47a, 400; bone. 
478; dtiublr, 4^5; cvdluTian. of. 476; ef 
amn. 457, 476, 477 j 477 

Penta-, 627 

Prpim, 311, 3B. 327 
60, 478 

Pj^F<a, 461 
Prrch, 35, 507, 46S 
Ptrrhinf mHchaiiimiT 
Prrcjdae, 4 Ifi 
Prmini-, 41 

PcrcnDEbranchiata, 41, 281, 305.416 
Prri, 206 

PtriaxdiEl cadlVn ITT, 176, 353 
PrnE^BJilicHlicfttDnEral canaL 177, 354 


Pedcardiuiu, 353 
PcTir.hnnilriiiJti, 145. 151 
PcridcFiQ. 206 
Penlymph, 377. 705. 70B 
PemuvdLLm, 640 
Petiueum, 43P 
Prriiieuritfm^ 616 
Prriodieity ui rrptodtiFtloi^ 491 
ErnOcfi, j^olaf^kp W2 
Perio phi halm ui^ 366, 822 
pentutemn, 145. 13J, 647 
FrdH€>^^ 72 

Periss^adarnla, 62, 72^73, 77. 412, 431, 

487* 637 

PerlimlHK, 271, 751 

Frrltcnu^sd wltv. 177. 170, ,154, 43f 

Peritoneiuii, 167, 176. 271, 326, 430 

FrimJnn, 103 

Per<^ditiUm, 241 

Pej9uhjs^425 

Peltci. 56 

Pctrificalltiii. 100 

PctremaiToid {pctrdsal), 563, 578^ 580, 

506 

P^tromyLan, 26, 27, 209, 3^^^ 390, 4C8, 
525. 584, 696, 721* 7B7. 820 
Pf fm, 26 

Petrosal—prtronmataid 
Pmfrft Twtcheni 3N 

Pimvrji, 633 
PflOdeRj 308 

T8, 299 

PW% 5"^^ 

PhagiiH^vle. 1157 

ml, 6n* 629. 8S2. m 
Phal^tu, 478, 4S9 
PAzr/iium. 389 
PhonTii^eB] lirratkiiig, 10 
Fbarynjiq-brAdciilB]. 288, 668 
Phar)-D^i>-notahizp^Tal itctwwk, 5BG 
PhaiTira. 19, 301-304, 401, 755 
Frf^m, Gl 
Pftft3T4j/™;^J. Gt 
PhrnyE^thiGcncbaclidc, 783 
PhDcilcp^, 109 
Pbiis, m 
f GG 
FAaf78 
PbobdDti, 62, 71 

PhbfidcEKJ, 71 

PhimDr^eptbr, 759, 788-804 
Pftoroiitf, 533 

PhotorrerpEor^ 22, 759i 804^10 
PhciEalvnlhF^tiA, 680, 6U1 
Pliatqtmpk, 805 
P6Triiolop>-. TlS 

Pkrvnejumn, 50, 51, 233, 2M, 374 
Ph^k, 14 
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S6.| 

Phyfttrf, 79 

Phyfocliiij, 398 

Phymt^m]^ 39ft 
Pia matrf, 505. 6QS, 0S9, 705 
Pickml, 35, 3^0 
PlOTET^ 104 

73, 420* 702* 775; dlprsdwr lyv 

tcnij 28Sp 297* Slfij foot, mtcfgTJ- 

mcni* 122* 223* 225* 252; reproductive 
lyitcm* ^80^ +81* +87 
Pigeon, 57* 2+5, 348* 306* 315* 334* 4S0, 
461, 506, 536* 569, 509 r pa^rnger, 96 
Fluent* ?04* 205, 310, 256; cup t*6icldj* 
JI06. «2l 
Flic* 293, 43S 

Filr dwi^tiingt, 110 
POiKarpiTi* 750 
Filtdowii, 123-124, 125, i27 
Pinral body (gland J, +93* 507, 7135, 707, 
70B. TIO, 7U* 714, 72a, 729, ft20 
PitniH, 65* 395. 788* 78&, 790* 792, 003 
PinniprrdiMi, 65, 66* +04 
Pif^, 38. 43* 382, m 
FjpefUh, 232, 290, 325, 398, 399, +83 
Fi«;»* 17, 27^35 
PidformCp 627^ 628 

Pit, tuidiiarvA T91; tiamI—kc pH, ol/actun'i 
alJnctorv, 302 
Pitch, 801* m 

PHhffirfitkfopiM.i^ 120-122^ J24. 125* m, 
ill 

PtnjimjT—sec hypophyKH 
Pjtuitfiii, 505 

Fljiccntii^ 45, 61;* 35J* 406, I98 

rLoCcnia!!* 61* 484 

rLiu:<?dc* rpihmuihUI, 732 

Pluic* frontMl* 8; ugiHaJ, 8* 593; tninivcrw, 

B 

Plant* 498 

Plan I ijpudCj 603, 637 
Pluinu, 319 
Rititron, 48* 621 

Rate* ftlar, 6M, 687; baiaL, m, 617; 
cwtal, 533; ctiXdfofm, 569* STO, SSi, 
73ft; cfiibrvotijjc* 1J4* 115; end* 6681 Qwir* 
675, 685, 686; ic^ulluy —jkf ptnic* 
ctfuraJ I mtifUflicBiJ, 353; hcuijlL, JBl, 162^ 
172, 173, an, S3J, 674* 075; pctpr^dicu^ 
Uli of etltmuld, 582* 592; h»I, 685, 686: 
utrul* 818, 819 
Pbty-, 6a 

FUtyrrhinci, 68^ 297 
Plectrum* 794 
RrbiKctie, 125 
P1jc«3&taiiii* 45 
PVura, 4PJ* 411 

6(19, 610 


Rcuml Cavity^ 177* 178* 411 
PJciuncimtnjini S2a, ai9 
PlEUTodont, 293 
Plcuroiieciidac, ^97, 456* 460 

FkNui* Aucrbii^'i^ 673; lirmchuilf 681^, 681; 
candiJiCir 750; ccrvica4 6S+; ceivico- 
bnichkl, 685; charmed* 705 j cbomid, *ji- 
texim^ 719j fil* 738; rJinrpjd, pnstcHcnr* 

707* 710^ coeILeic* 510* 75=0; liypo^ttic, 
750; lun^bu-sacrml, SSI* 684; Mtiiuncr'i* 
&73;xoLjir, 750 
Plica icmiliinMfii, 818, 818 
Richt cirmliLrcf, 268 
Fumy, 27 

Plbctne, 125 
f 99 

123 

P/wpffWujj^ 125 
Plcvcr, 37 

FliiimM)[e, 2+6: cDlcm^ 240* 508 

Fneum”* 33 

pDcJtet, milk* 225. m; 

Pod, 36 
PijLiuity* 667 

PtJf. animul, 1S9, lea, 163; vfjgrlsa* 15a, 
168. 163 

Fjilixi'tfirtrifd, 4+2 

PoUrn, 157*472 

Pnlr', ^ 

Fe»t^f4nl/iuj* 386 

Pal^ndactylinxi, 63J 

230* 545 

Polyofstrou*. 493 
Foiyph>odE>nt, 291 

a*, I3U 31 J 556, 395, 

^Ofi. 5+3 

Pomiim Adani], 425 

Pom, iW*l, Tfll, 7m, 709,710, 7!J. 713. 71®, 
■J^O, 731, 7W, 723, 730 
Pomuplnc, (56. 67, 1!M)^ 233, 420 
Port, •bdomloAl, 4SS, <«, 474: luwl, 19, 
10, S3, 309, 46K; frttiMal, Stfl; ftmltal, 
462: twjii, 203; taAe, 71)0, 781 j uriiury, 
462, «7: uroKciutftl, 467 
POTpoiir, 79, 4 JO 
Po*tclciti[rum, 573 
PnttrJut-, a, g 
Poi(frcnii!»l, 374, STS, SBt 
iV^toflutal, TiSl, 574, 576, S7», SB I 
Poiipan'ftnl, S61, 379 
PlMUrjnpml, 361, 373, $19 

Poil3Fys:ipcipli^j, 5S3 

hrftnchtsi, 387, 3SB, 500: cbrrt, 
276: gill, 3H7, 38S, 5(10; mamipia!, 59, 
60: iiiHtidGriiiBi, 178; pliarvngfaL 387, 
338; Kaihiif'i, IM, 318, SOS, 306 
Pnlric dog, $6, 67 
frrc»fti!i^. 146 
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FftschorilHl^ 556^ 5^7 
FjT<jQciBl, $47 

Prrfn>nti| Ei74^ BTft, 5TD, 5ftt 
Prrgiiiiccy,, 4!*^, 552 

Prclu:aiu)ii, 172, 273 

PremaocilUry, SSI, S6&, 574+ 171, STB* 
579, 584, Sfl7, BM, m 

PrcilK>ljll^ 2^5 

prcoprttrular, 561^ 5+^4, 373 
Pr^Jiicr {Prepullkiinli 457, 47fi» +77, iSa, 
490 

PrrcphcnQitt, 580 

717, 719, 760 . blodd, 50b 
Prenoiut'rj 569j iTTS, 576, 577, 580 
Paiv&aT^ 453 

Prt'^TBiipuplijfHL, 5Z3 

Pfbnfltci, 62, C7^70. ea, 69, 92, 225* 240* 
376,48tl 

PTJiBitj^’e itreiik, ITl, JT2, 174. iTa, 
pFiiktj, imuer, 259, 266 
prTi.Tflrtfif#, 3li7* +04 
Prirji'ity, Eaw ol, 16 
Prulw, 51, 299* 395 

Pn'rtiicriit* 443 

Pro, 530 

ProtKHi idtra, 62, 75^76, U. 77, 4^2 

PfobOAcil, uf tlejjluml, 76; of brjiMchondjile^i 

17 

Prp^mirtfr, 77 
PiocclLiiifuitneSf 56 

PitieEii, fteromioilp 611 ^ ffacerHlLug of ptnty- 
^aqiuultikle, 570, S7S: hitsal of 

fj Lkodmtr, 564, li6S, 373 ; icili;ar>''j 810^, Sl#i 

cordCDid^ 621^ b'22, 628; cutDElosMli 571, 

576. epifjubk’i 616, faltilcrEiiiy 8J1.3' HJiUie, 
610 ; jmutnjjd, 577,. 596, nHsal, 775: o^kni-" 
ioid, 581, 515; otre nf 

564, 663, 5JZ; pettiuoil, SH, prcpubwlt 
610, 611 fitl^pterysoui, 382; uyloM, 572* 

577, 378, 598; rmiwri** 321; oncuuHe, 
5+7, 648; uiiTthral, 177; vsi^uuil, 459: 
xjphfiid. 352, 553 

Frocniin vertnUoPimii 269, 813 

PjoCor.loLiit 529, 530 

PrTKTWTiowd, 349, 507, 608, 609, 620, fiZii 
629 

Proctodw:um, IGS* 347, 270 
PrnQ'iin, 64 

58, 59 
PtojEciitxoatf* 509 

Pimiikiulni, 632, 6+9 
Fi^ncphiMLa, +41* 442 h 46S, 168 
PmDrphJtrt, +40, -i+li 4+2, IM 
Pmn^ilbiTrb, 73, 226 
Proofcic, dG 8, 5+9, 580* 587 
Propsliniii, 274 

Prophw, 134, 133 
PfOpliapiihtcuif 125 


iVopriocrpti^T iciuE, 7J7i 7t9 
Proprioceptor, 75 759* 783, 830 

Prapurrygiuni, fiW^ 619 
PfopybflietraptfliiT 773 
ProKAcephnloii* 349 ^ 703 
Prunjiiidroiti^ 469 
PrvtroMp 127 

Proirctinii, I9fi^ 197^ 5^7^ 518, 525 
Pinfein* 265* 314, 3^* 327 
PmfcTozaiC, 102, 103 
Proieiii^ 334, 396* 530. 548, 610 
Pmtlinimbiii, 339 
Piom-^ 58 

PtotoTCTTnlp 623, 621 

Ptolucburd^lr, 17 
Protoconid, 29B 
Protoconwi^ 298 
Fii^ivhippMktf 99 

Proroncplindiunkr 440, +41 

Protoitiktim* 001 

33+ 305, 406, 610 
Pffliioilwrift, 59-39 

PffltiiTm, 2i07, 279, 429 path^KoiSi:* t07 

Protojftkjluisv, IBO 

Pirn'ciniiicLLlui, 3(16, 310 

P^udorru, 43 

p^udEihximcii, 392 

Pn^uddi v pel ij j rbaiii* 257 

PM'iidpp<>d* 2/3 

fsfUdiipui^ 626 

Prrr-, 34 

P(etitn.ajfjjn, 2iW 
FffFtrhfhyx^ 2T 
Pif m-, 47 

FlrnxJ^ctirl tpirroeaiLr), 201* 636 
piwf(nim:tyl»J[^ Mi 
Ptenfpoflj^ 273 

Pieri^iauF, ilT 
Prrri'-g', 31 

Firrygtiid, 567, 568, 576* 578. 579, 580, 
m, 587* m 

PiciVKWiLiAdrsur* 288^62, 564* 585+ 572 
PlrJ-\ W* 247 
PtTiilih, 276* 323+ 227 
Pnhi^, 332, 548. 807, 608, 609, 610, 61! -018, 
628 

PtJmdnaryv 358* SSI, 36B, 307, 360; 
200, 34.1, 355* 357* 358, Ml, S66* 
MT, MS* 408; vrui^ 313, 35S, 857* 30!* 
3?a* iOfi 

Pulp eatfity, 287* 288, 289 
Ptihinar, 733 

Puartuni, fijium, 6+7: iftcrimitle, 818. 819; 

niQliilc, 647 
JHrpM of 810* 825 
Ptu* 538 
Pygopus^ 626 
P>Sti»tyk* 534* ii3fi 


m 


iff Jo 


PVtorif. cftTfnm, 26a, 269, 3l2; r^ipon of 
itomach, A07, lUS 
P^Uitruj, soft 

fViamid, of hflain. 707, “M, Jtfl, 720. 723: 
decuMBtion, 708, 709, 710, 720, 722; MjU- 
pi^yiui 431, +;M 

PytboD, 404, 408, 331. fiii, B26 


Qi^titc, 364, 365, 567, 369, 572, S73. 374, 
S7S. 576, 679, 3S0, 3S2, 687 , .^Sh , 519 
QuudrstojuffaJ, 367, 574, 376, 57S, 579, 3B0 
587. 599 ■ * 

Quail, 

Quantniiir>'j im 
Qtmrt/^ S 
QuUL 243 

RabWt, 174, 175, 220. 264, 312, JT6. 334, 
42ttp 4fi0 
lUf TOnn, fiS 
7B 

Rarfialc, fi27, 

Rodialko, fi09^ 619^ 5^4 
Radio-uJctkT^ C2!7 
Ruim^ m7^ 627p €3:1, €J2 

Radi^ tidrtiLE^ 

Rma, 31 
Raiip 5? 

Ruikrn, infll, 351, 3^3, 355 
Ramo4«, toninruniraJii^ 74?; 7tfl^ 

749; intrrgiui^linni*, 7|ij^ 75[j. 
¥tntinuc. 730; while, 715, 746, 749 
Raurt. 43. 21B, 37S, 395, 422, +71. 330 
532, 54D, 350. 376, 587, fill, 825 
(Und, 173,613,633 
Kavffftr, 75 

RATfM)?<, sac, 694, 709, 712. 716, 717 

RAKTItH, 20t 

lUplif, 277, *92, 469, +90 

lUt, 63.2H, 220.233, 253, 256, 420 

Ratr of living, 2£| 

RathkeV pouEli. ISG. 3(B. 5«, 506 

Ratiiai', 55-56, 238, 477 

Rattl<ntiiilr, 51. ss, rrtt. 430. 588; roltle. 

241, £42 
Raiiiiu^ 2t32 

Riy>, 41* -I9Z: bra-ncbioiuiwaj 3tJ5: 

fin. fi09, Rjn, m 

’*5. 750; olJiCtare, 
759, 772, 776 ; Iniipctratiirr, 764 
Rrciwm. 305. 324, 335, 479, m, YiruUt, 

ReiftDn, (dfactory, 776; fcipirztiiTv, 776: 

vcitibulBT, 773 
R«8uivitBlii>ii, 704, 31)9 
Retndrrr. ?3, H2, 127, 233. ?36 


RcIhw, 070 , 671 

Rrnal. arteiy, Wl, 434 ; calvir, 431 , 433 ; 
ci^icK « 2 ; corwi, 431 , 434 , 411 ; 
lohuL:, 45 S; nudults, ™nillj 

431, 133; pclvii. 431, 433. 4'J4j portal 
Win, 342 . 3 * 5 . 571 , 372 , 373 , 374 , 575 ; 
pyroinid. 43 t. + 34 ; «ia. 375 , 376 , 431 , 

Ti-JT 

Rcuttb, 311,527 

*ep«iE, 43 

ftrpLicing Iwne, ISO. tSl. 561 , 580. 581 
Rrpreubn, 84 , 89 

RcpituluctcDfl, 5, +47; MemaJ 156, 448; 
irxLial, 136, 156, 448 

Rcpfflp, lOr Miu, 387; unnic luop*. 36S, 
367; aptMMi[lag«8. G03, 623, 027. 630, 63l; 
l»rai»i. 724. 728; breathing, 417; chni- 
niat«|i]H)|icg, 217; dawi, 237; cirfic 
taccuin, 269; Capulatioii, +73, 475; dr- 
^rlopiwttt flf, 109-178; dOK-tr»tftrd, 45. 

cpIdETmal ([Ln<d*, 

■fiB; (piphym IpJhca] btsdvj, 5Q7; pj;. 

Imri 43 47, 510, 702; fetal eiivdopei, 
4J, 406; ftyiag, IT, 49, 201; gpldrn jwc 
^, 45 103: haid palate. 302; heart, 355. 
«B; 212, 213, 218, 232: 

312: }awi^. 564, 378; lud^. 
4W, lyuiph heam, 379; mainnuJ-lile, 
ISS9. 700; tnew.eph™, 
"“'‘^fltpbroT. 443: mauth ^di 
279; mwelrt. 654. 655, 656. 660; privr 
IWB; ocdpllal rundvie,, &S7; winy, 
463; panthymid (tiandi, 502 
=tsjl 507; iKctoraJ girdle, 620, 

pebi, +76: 

nb*, 345, 546, 547; tcaJes, 213 *32; 

M2. -Si, 574. STS, 579 , 387 . 538 ; ttetn-. 

‘“A. 292, 

glanij, 500; trauhta, 4(34 ; itnigue, 202; 

iiTii^ bladder, 438; 

ducn, 468, 469; veim, 374, *73; 

Arjonantjf 425, fZ5 

Rtfipim^ 200; amphlhUii, 37. 200, 385; 

WncUal, .H 4 j rairttial. 304 ; ibliEt, 29 ; 
iGteroal, 304. pitlnmnaty, 344 
Keiptratory iprlacc, 402 
Rttprmie, 756 

'^9, «'■ 

RetiLuJum^ 

«». 81*. imTxtipn 



Index 

Rli iAcmc, 69 

HttALJphtfTUit 28 

Rhea^ 56+ 615 
Rhcorcccptor, 753, 763 
Rbrmuj TFlDnkiyi 6^ 

Rhinv 68 

Rhlnrnrrphiklort, 712 

Hhimxffift, f3p 73, 234-, 249^ 460; mwJlf, 
96, U2, 124 

3S, 4fl5 
27 

RhcMiupiin+ 31:3 
K.ti£iitEtviiri:ph^on+ 349, 702 
Khvncbcx'i^piiiiJiji^ 40 
Rhytina^ 78 

Rib, ]78, 521, S22, Ik 13, 539, 542-548; 
nbdominab 554 i btniiLkiiu', 4lB; dojtiil, 
ill, 545, ilfii cicttM, 544, MS; tabe, 545; 
fliiatm;^, 543; ^nnHa, 544; bimmiiip, 545^ 
5LB: humnjii 542+ 513; lumbar, 544, 515; 
urrdl, 535, 610, 611; itul'i 543; \mlxiJ, 
S21, 545, Slfi 
Riddu;, 506 

Rid^, fncticpo, Z05, 257; ^lUal, 455, 456, 
460, 464, 4B9; paioiirtCa 277 ^ pjipilLv^, 

25Sl mbllnquiLl, I7B 

Right'h;indi^diit», 646 
Ringj trarbr-Jil, 404, iJI, 125, 571; tym¬ 
panic, 678, 596 
RtmsLy IB 
KorJi nhhii, 77 
RocJu^ pcOnTtmT^p 101 

Rodent, ctrrtfbmm, 714; chfwk pouched, 
276; cniic canrum^ 269, 311; cpipbfiuL, 
730; kidney, 431 ; itipptrj, 222* 221; tt- 
productive fyitem, 477, 470, 460, 481J 
t«th, 2ftC, 292, 2S4, 295, 299i vtmi, 
376 

Rodtrntia. 62, 65^, 67 
Rodi. 6Q&,8n,812 
Rooi, of imiutb, ircondscyi 579 
lUioip doTMl, m, 682. 663, fiflOj tmln^ 263; 
roolcjr, €S2; o4 nr^rvesy 6M; icTiiory, 6Hi2; 
oF twjih. 2B7; wntnl, 6M, 682, 685, 686, 
680 

R6vm, 298. 300 
632 

Roitenm, »p 280, 299, 53B, 5*5 

Rotation, 649 

RMtfcrt, 273 

RoLiKct celli, 54T, 348 

Ru^c, pnlatinc^ 3P7T; vaipnnl* 479 

Runirn, WJ 

Riunituiiitij 73-75, 74^ 75, 220* 222^ 22 3^ 
225, 296* 304, 3«* 475, 477, 481* 

487 

Rtmunnrep 75 


S 67 

Suiitf, 377, 380 

Sac^ ottf 587, 188-410; nl^-edar, 401, 405; 
auditory, iBli lirood, 4B5 ; doacai, 386 : 
cochlear, 796 ; cmlulynqltiatiL-, 782, 797; 
nill, 891; lymplip 279. oliActory, 557, 726:; 
Dvjxriau. 46J, 462, 466; preputia], 476; 
fatmono-, 122, 425; irnDtal, 159, 476+478. 
4B9, 49Q; jjpitnn, 471; 122; ynlt, 

lip 166. 172. i7*J, 174, 486 
SacculMV, 714, 766. 791. 7t2. 795, 796, 79« 
S^irriu. voscuiciflUK, 723+ 726 
Skicruin, 5i15, 537 
S^ujUtul plant, 8 

SalitUiiirtdcr, 40. 11, 237, 201, 282, 372, 
363, 611; hcfdy uiiuCitrE, 651; |uagl(rl4, 
366, 407 

SalamandTM, 41* 2B3, 438* 442, 475^ fill 

■5'n/ai7?And reno; 407 

Salifiitla—ice liZLum 

&aivii, 276 

Haimifj 625 

Salmon^ 35, 307| 492 

SaiuiDiudiie, 290 

Sain, bait, 315 
Ssiln, 782 

SBrtd-lftrrrrr. 312, 461 
Swdpiper, 57f 765 
Sapro^oB. 264 
!varf{iplo4inT 152 
Saur^p 4 7 
Sanrapudfl, 44 
Saw^p 31. 299, 565 

243, 369, 415, 474, 550, 558, 569, 
576p 650p 713, 770 

Scfijflp media. 798; ivcnpnnl, 787, 798. rati- 
hnli^ 717p 7!M 

Bm}m, amphiMu, 2i2, 252; bird, 213, m; 
Ctenoid, 229; 25J. cyclfltd, 229, 231; fiih, 
211, 229, BMoid, 229, m, maitimaluln, 
213, 214, 233; placcLd, 229, 298; irp. 
tilinn, 212, ^3, 243 
Sca^^pHiy 63, 292 
Sc^panutf 63 
Senphiopiu, 42 
3'crtpAtr6>iiri^«r* 34, 2B(} 

ScaplKMtl, 628 

Scapula, m, 541, 518, 55«, 5J5, m, 608, 
609, 618, 619^-622, 628 
ScitnucHfam, L20 
&cnrijiK£\^’rTfiau.| 308 
Scbizff-, 176 
SchiBoC^Elr, 176 
SiltLLUD&K^ 129 

ScMUOUN-'H, 702 
129 

Scioemdac^ 400 
SdcndRc namt, tS 
J»VjHr<9plcriirr 65, 67 
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IT 

Sclcrsp Hb, 5I«, WOT, fl09. El7 
lidi=n>. m 
SdcTublui, 231 

Scleroticp o&B, 5l0p S2&; CDSf^ 145, 
m, HiTp 009, AH 
5^0 

Seomiftt, 21^, 312, &24 
Sctrrr'KLi4i>T* US 
Scrotum. iSO, 471. 47B, m, hW 
453p 565, 774 

Stymntyimuhn^^ 4S 

ScAp 265; btu, #63; cm, 77, 

78, 224, 249, 254, 299. 4W, 5^, 540; 
ctiwf, 5li:IUj"i| 78^ 96^ tiitiuxibcr. t2; 
horK, 232, 290, 4B5; lion, «i5,» 661 rc^- 
in, 397, 401 ii{ulrt, I&; lorlum 2^5 
SfAl, 65, U, iSfi, 507, 430, 470, 478, 480, 
492 

25 

Sebum, 220 

Socreiini TMnmulk, 322 
SecETEinin, 143^^200 

Sc^ErvTTkLatiiin^ raviry, 160, 111, 1^, 108, 
m. 170. 176. 178. inirtiitul, 271 
Scpajcnl, 9 

SdwJiii, 50. 229, m, 354 
Scim^ant. 296 
Sdla itijrrkm, 504,570, 553 
SnnMi. 402 
Scmflun^^r, 028 

Srmioa] 451, 469^ 4ti, ifl| 

Smnopiihfcni, 50i 
Sexaatinn. 105 

&rptniTiui]Ui7, 574, 679, 58t, T7| 

Scutum, 9; biojif hiAl—ter srpimo. fQl; 
dawl muirclivf tif»uc, 17H, Sll^ 523, 
523,- rtt tiffvr «nti, 680, SS7, 

680; dormal EDlennrdimtr, d ntsvt cord. 
691; Pfill, M, 391, fl»3. 394. borbom*!, 
ITO, 5il. 322^ 654; iniersnjjririii&rp 556* 
^7; iiiiembiriil^ 587; nilciveiatiriciiUi:* 
368, 55t; nnsuki, £70. 753, ll»| ptllnddom* 
700, 714; irniit^i^rtiun^ 17T^ 318,3S4_ 413, 
657, 170, 511. 522. 650 

S««i, 3Tlp 306. 526, 320 
Serpenf, 51 

4^i5 

l^rnrom^r, 23 
S«pm«d, m, 633, 649 

Sf^, dccrrruiullim d, 138, 139^ 409; di/- 
frxcinxikm of* 489; dviTiiirlcn, 

450 

SrymtiuTia^ 45, S78 

SJuiJtp frarber, 243. 1**; Mr, m, ^ 

Slinni. 620 

Shape d wiiml wnvu, 803 
50, 229. 29i. 392. 435 


Sbr^th, 145; haSr, 221, 250,164; medulla, 
668^ 669, utyebii^ 668. notoeimtiiAl, 144. 
524, S21; 66pS 

Sl»«p, 75, 236, 232, 297* 42D^ 477 
SMI, eins, 451, 452. 455, 485; henpi. HO 
SfimxmcTuKp 884. 758j 76E 
Shield, ctnbr^rmir, 175 
SiriFLBv* 133 
Shore hrdj, 57 
ShDuider, 620 

Shrew, fi2p 63. 22% 233, 4Sl 
Sight, 716. 717, 785, 804 
SilurLiiii;^ 103 

SUiiTOid. 1^29, 400 
Sitmtj, 69 

Sitniidiir. 69 

^ininifAfnpuj. Ill; 

Siiirw. 8-10 

Sisui, roTcmir^'^ 877 j etiinmid, 503; fion* 
lAk 308. 302, 593, 594; TnqctaidA;, 596, 
791; mdEiHary^-^er antrum, rhumboid-^ 
mHi* 549; iphtn^iiiAl, 308, 582. 592; 
iitoirenjtai, 466, 476, 4 78, 479; vcnu«ti, 
384-557, 063 
Siphon lAc^ 474 
Sip>tuHXfma^ 398, 399 
Sirttn, 290, 196^ 421, 025 
SMeob, 02, 77^1% 71, 92. 22% 223* +13; 
625 

Sirein, 77 

BW, 30, 31, 239, 392, 545 
SkclttnUr t67, AppendjCuloT* 52 L ^ a^iaI^ 521 , 
523 > l&cnmatnr, 600 j yics d, 517 
Skbi-^»K hiicipjiue£l 
Skin-hrnitT, 703 

SkuJL, 521 ; 568* nlh^tor^ 567 f 

A milt. S6l; Bmphlityllc, 584^ 563: nutd- 
ttyik* 564; brd, 5S9, 598i bona, 580, 
581; cxunpeifiir, 508; «qti.-hHauiT, 570^ 
crsnizif l-ylk;. 564, 5651 cjh-doitnrar. 584; 

drlnmnitiim o(, 597, 598; 280, 

550; dolpMia^ 580! fnanj, 586; ianoid, 
560. 561; limuan, 555, 578. 571. 303. 593; 

364, 565; Ibarid {Ff^nnurk, 
57s; nammanan^ 568; 

Sphrn^d^m, 574; 280. &53> 562j 

tel«rti, 578; lurtlr, SeT. aH 
Skunk, 65* 1ST, 222^ 297, 483 
SlfepfoR firlneu. 1^ 

Sliti, pdl^ H 303^ 337^ 3;^ 

BLO»ai>ir* 338 

aifrth, n, 71, 99, 321, 239, ^53, -KM, 334, 

MT 

Sim mmi. 30 

SiniiiJpoiA^ 151 

Bmr^a, 485 
SmeJI, 199, 772 
Smell, 307 


Index 


Sminthopii^ 

SicmTr G. E., 125 
SniTH, F- E-, i6i| B07i BI2 

!iMrm-WocK>WAiLD, 12^y iU'* 

Sfukffp 43, 4&-53i 52, 4^0; digcsiivt- tyt- 
CiiiiS 274p 2B2, 30S, ^*07. 31B| ttiollmUp 
t*i7j rcpradiiiCtjw^ lyitciilp 45 G» 461, 463i 

i73, 475^ tTJspiraifiry iyiliimi 405, 

420i liirktcan* S25, 

685; s«ih. 232, 294, 300i v^iiu, 

574 

SuDut, 775 
S^lc* 3U7, 629 
S<il{:nDcrytt^ 441 
SirlcsftlDft, Kinp^ 420 
Ealutr«n, UB, M9 
SmuA, IM 

SamatLc mcflodcTtn, 162, IM, tTl 
SuinaioplwEi^ 447, 454, 435, 464 
Samjle* 165* 172, 349 
Sv^tfXt 65 

Soiiud, pixtdnrticift of, 4C0i wavpi, ftOl 

&iui^ 782 

Sp^c, eptduJiil, 685J of Foolspq, 316^ 
pcriotrom^cHl, 698 j tubartchnEydal, 698; 
sulnlural, 858; tcmponl, 583 
Spallan3jivZ| 790 

Sparrow, 57 

Spc 4 ric&, H: Jimnlwr of, 3 
SpKllA^^^ j78 
Spenc¥ii, 4 

Spcmi, 156, 157, 156, 472; c«Uh Ui. 1», 
44!M5I, 444. +5f(, 473 j 478. ha- 

ttwn. I5S; lyplnl, tM; v’wbOilT, *5tl 
SprnPA, 449 

SptxinpullM, 491; c^rdi 459 
SpernfAtid, 13fi, 450 
SpfrninaiiJrjtc+ 136, 45S 

45fl, 464 

r,^jmfllo^niiiDi, ISI^ 458^ 464 
SprtmAlEijilkiMr* 473 

SprftRntosMi 132^ 156, 449-^511 449, 450 
SpkAwideif 3S7 
Si^riM^lhinind, 5-87 

5phtfu»C]foriiir;i, 56 

4, 41, 4fl. 823: 

tiro, 292* 298, 500; StiriR^ 40i, 400^ 
ptrirtAl 507/820 ^ fcoJov 291i 
TOR, 330, 547, 554* B74. *1^ ^ 
SphmciiH, a66f 555, 56t^ 578 

Sphinrirr* 649; ualf 32Si 649* tnanapti, 
G62, pupIlU^v Bfl, 8f7 
Sphffmt^ 821 
Spidery 271 

Sp'tctiil, 4 »rd—K ncTix cord: rarvamm, 

558: 731 

Spindlop 135 

Spme, Bn* 634 i 475, 521 321, id- 
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tri|D[pcRtAr%‘| ^53+ nftiml* 521—633^ 5Z3| 
of pcmi, 477: icapiiliU, 635 
SpinMil^A, 301, 391* 392* 391, 395* 585* 
575, 789 

Spiral ratviE, 265, 

Spireme, 104* 135 

Splnri^imir. uTTiodicnTi, t€2, 184, (72 

SplADi^BaociRnEuni, 553* 562 „ 572, 

337* 380 

Splcnialp m, 579, 581 
265, 273, 340 
Spanf;pol>ldAf|. 683^ B86 
Spooo^bOl, 14* ^0 
Spyr, 212; of rln^n=r, 471 
Srun^ji£.ni, 715 

51, 280, 355* 474, 511, 558, 809, 
6J9> 726, 7B9* 770 
E^ yigin g , fit tcxniHiral, 678, BtS, 595 
48^ 4B-51 

Soiiap3EHdip 581, 565, 568^ 368^ £74* 

m, £78, B71 580. 582, 587, 588, SftO 
SkpicicJijpit^ 400, 40I 
Sqiiirrd* 65, 87*. 2S0, 276* 2S5p 2&7| 760 
SlAKp 473,508 

iudtprnilciii eljcctor^ ofi: n^qMftr- 
rffcctEii, b 72 
STAna, 782 

StuVkp allatiwir, 318 i olla£*frtir» 723. Ti5 i 
pjrtb:, 705, 8M* 814: Fdt <73, 3T8 
SfAfTA, STI, 571 ^3, T9i-7N, T98 

SiAi^h, 265^ 214 
StAlP^vu, 79B 
Stntcilkili* 163 
Statntetep-kcFT* 785 

SiEiLpiita.i 321, 323| 327 

SleaMpygyp m 

Slr|p3C«pb3iii 39^-40, 10, 528+ 346, 55+, 
5S7, on* 620 
40 

5l#r^j^uriu^ 48, 013* 814, 877 
STEi:^Ai:itk 508 
,^imo4am, t2l 
77? 

SnrnAri, HI 
jffrrfM, 291, BliOp ill 
Steimal part ol fib, 547 
Htrrncbra, 551* aBi, 822 

78 , 

SlrnmiTL, 464, 519* 521^ 519* 548, Ml* M8- 

mu (W 

StkcUchack, J25* 453* 70fl 
STTLaa* 714, 734 
StlnmlatbRt Tlcttdr4il, 689 
S^iEnufalor. 760-783 

Stmmlu^ 665, 754: chtmUnU 759; me- 
thankal, 759; radiant, 759 
Stimip, 583 
Stdor* 111 


Stu 


Index 


Smnia, ^ 

Stoiiiirh, 269, aUSj, 206-311, 367, 430; 
cards* irgioo, 30T, 306; functiniia tJ, 
SlCj KiiuduJai, 310: iKiticyccuTjb, 300; 
hoiLt-flaat, 30S; liunian, S67 f maiiyplifi, 
300; 209 

SwtnDEjnr 1 * 111 , 166, 167, 27U, 5IW 
M3, 111 
Stmk, 56, 420 

StTEiwm, cotnnim, 203. 304. 203; ipanu- 
kimrn, ZM. 204; luddum, 203. 204, 240; 
Malpii^hil. 303, 204, 203 

Strcali, piimitivic, JTl, 172j 174, J73, 
Strratiii, hair, 2»], 232 
5frifjlAi0, 619 

SlutRrQii, H 2ifl. MO, 307. a 12, 321, 560 
SlyluhTaJ, Si», 577 
SubEiuianram, 203, 2Q5, 20e 
SiitdfiiKiiiiJ, dacl^ 276, glAiidp 27B, I7n, 734: 
jridqii;, 2731 

SuLieiucph, 270, 271 
^ubapprruUr^ 564^ J76 
SuliarMtaU MYf ST.l 
Subphvlun^ 17 

SubBturux. £96^ tig- 

«ridp 669 j whitf^ 035 
Suhun«iicj^ 237i 23^, 2W 

Suit lift tiHefkusi, 322 

Sucliiiiig dbc„ 217 

Sykui, 7l4i QOiltml 714. dorfial, S8T; 

loniutti^ 67a^ HIlOf imico-kiiuklp T76: of 
79 i ' 202; cympaAiCp 

Supcnorp 8 

Suprtnmncrffry nipplu^ 227 
Supiuailaii^ &3[3, 

Support^ 5\ti^ 525 
Suptfv4i^ii1af, 576, 579^ 58 i 
Sujjradcitlirmti^ 575^ Gi9 
Supruorapii*)), 566, aSI, 568, 075, 578. 

fiTf, .IKW. 592, SU8 
5iij}rmn?3iBli^ 509 
Supnufiifpiilap 609, 62D 

Surface, aiukulaf, Glfi; 266^- n*- 

pimtoryp 402 

Sm*, 73 

SuipcnaATiufu of jawi. 1564, 962 
SiitLia. uiifrioctins. 320, Wultfidal, 5S7; 
u/ Mrndtwt, 591, 3(12, mnopk, 9S5, 591; 
ovrfiappiiut, 520; KiuJiLal, 593; mui. 
mmal, 530 
Swallcw, 37, S27 
SHrallowinf, 42+ 

Rw»ft, 56, 274, 4nj, 4«H, 635 
Sweat, 199. 205, US 
Hwect, 782 
Swllfiih, 397 
SwifL 57, 250, 828 


Swim fair) bladder, 387. 397-401, 397- 
^9, 102, 787 
SwiiLE--«t p*g 
SwtNmz, 512 
Sylnbjoat, 264 

SymnieiiT, liilstml, 7 : plarci ol. 8 ; ndial. 
7 j tplvfinl, 7 

Syaipaihrsle trymk, H7, 74S, 749 
5)'inpiiih6t)laet, 510 

Syaphy^ii, iK'luiitiaun, 6JZ, 6 JO, 613 j pu- 
bii, 190, 612, 81S, 6JS 
S^mplectiE, 573 
SyTspie, 155, 667 
SyoaiHid, 583 
Sysarthrceii, 520 

SvfttLiirtyllmt, 633 

232. 325, 485, 5+3 

5'>n0ri(r, 01 

Synoiriid, fluid, 53;; lurmlirttne^ 5J0 
SynHcnnn, 533, 536, 547 
Syrin*. 423, 121, 504 

Syitem, Ml: acntutkn-jatErgl, 769; ontij- 
Bouik Ticn.t>tu, 670, 744-752, T47; 
a^TOtn, 276; Central nErvom, 670; 

167; cr^n iiEciive liuuE, 531; 
dhi^itivc, 167, 261-328; eieretiny, 167, 
427; liarriil, 340 ; hepatic ponal, II. 
5^. 3T7, 342, 343:. 369, 371. 373, 37S, 
376; niTuSunury, 676, 744-732, 74". 

T70. 771; lymphaljc, 
340, 346: nrrvoua, 10, 162, l67j p^ra- 
ij-mpaiivcfic orn qm, 747. 731; periphemf 
qenuu., 676; purtll, 11; lerul portnl. 
342, 343, 371. 372, 373. 374. 375; rrpro 
diittivt, 447; mpitatory, 1S7: 
rcfebcdar^ Sm^ rplmuhalmnii:, f>90j 

f^ nrpcutlrtic: nmntu^ 5 l[>^ 747^ 75 ] ; 

uroj^^ynitjdj 446; vtmDii?, 34L 344, 345, 
3^8-377 

Tughytiarta, &27 
Tadfwlc, m, 2^1 

Tail, dlphyeejral, 654; of gilt, 621; hcicMt- 
fcrcal, 623, 621; hitmacciral, 623. 624' 
nUuM n, II, 533 : nf tncnicrv, 258; pMt- 

nnal, 11; pfnfntinal, 623. 621; ropirtt- 

fr23, uKi pf^ 53^ 

T’aJon,^ 2J8 
Tiibnld^ 299 
talui, 638, 638, 639 
Tamjfidiiif, 70^ 534 
Tauflvorcc^ptaTp 759. 760, 76'l, 765 
Tapt iiani ]iit!rdu£tip S29 

Taprwuriii, 33 I 
l 7^ 637 

Taftinu^ 

Tard<n 3 Df*uiii, I la^ 119 


iiidex 


8ji 


Tnrintnlmt 4v^* 

TumI, CT7, Srr, €29 
TiLrtaIr, 629 
TarsiDjdra^ 6S 
Tflrdiw, W 

Tnno-meLJiitJinttflt 63^ 

l ane, 199, 772, 780-78^ 

64 

TftKOiiatiijt IS 

Tavwhl (“BLT^), 678 
Tear*, 619 

Tcctwii sfEH>EicLjni^ 55D, 586 
Tc^mtum* 718, 711^ 7ZS 
35. J59 

Trkneeph^Dn. 703, Tftl 
Tripoli, Kmun^ 7J3. 727; iiifT!rtlvT wy^em, 
269, 912, 319; 392' h^art, 

prodiictiv-E v>^b?4iir 456, 461, 463, 466, 
470, 475, 464| 231; 575. 

585 

Tclroitei, 28, 34, 35 
Trlowis, 705 

TptoJecithaL, 159 

TriESftliUK, 134, 135 

TijujpLraliifE, 717^ 719^ 764; rc^ulotlim, 
41] 

Trtnpi^ 555. S70. 5M, 595 
Ttrtdiio* 145, 647, 6485 of AdaiUiT^ B48, 
649 

TmuF coili 325 
Tit M HTftojf, 492 
Tctnu, 184 
'I'Emiolo^, i84 
\ Trill, 57,630, 651 
tfTTsprm^t 49 
Tertifliy, r03 

Tcnii, 455. 4 S 6-460, 459. 464> 466, 467, 
m, 4Ti. 471. 47B, iSl, 4S8, 490, 49P. 
508: detcffiil of, 458.4 *5# 

Fctiaiiiui, 187 
rptra, 16 
T^lrao, 219 
TflrmtJcHf 25 
Trirannidap, 238 
Trlrapod, 36 
TuadHEit* 604 
TsACKmAY, 703 
TrtAOAM, 291 

ThaWm, 707. m, 711. 724^ 728, 729; 

optic. TW, 73B. 740 
TkaisMirrrtiJTf 65 
Tkffttuspckrlyi^ 48 
51 

TVrodoiit, 296 
Thriwr. 258 

TTwflty^ ceU* 129; cDEKmcrficct 296; dif- 
lcKiitLiL]c&, 398; Bfi-fold. iS, Ittl, 604; 
BtU-circh^ <i04j BCiitoii, 666 


TTicr-p 58 

Thmp*id. 45, 47, 295p 5B7* 621 
Hirmnurccptorp 76+ 

Tliigh, 628 
Tkintf^t, 86 
Hunt, 262, eit 

ThotAcIc. Imicct, 53Sf, 540. 543: cvdty. 178 

TbortUL, S 

Thmnibin, 339 

ThTDrnboryttf, 338 

T}i4xnnliu>p 138 

TbniBb, 57^ 421 

Thumb. k-EiLiidiiiAr, 2lSj 473: oppoasblc, 
835, 640 

51 

Tbyiiiiii. 499-584 
Tli>omf, 13, 333 
Thyrtihyal, 588. 577 

Tbvnnd, cprtiflljjrT 421. 424, 42S. 57|, 572* 
6T7, 578; 26* 281. 390. 4^^^, 

581 

T1i)^mxtn* sot 
Tibia. W?, 628 
Tihalc* 627, 628 
Tibn^tflnuBi, 635 
TiitU£tiA?(^ 826 

Eabrr-tDQtl)rd, 96 
HroW, eOl 

Tiw Kale*, t02, IDSj, 127 
Tmamifannrt, 57 
Ttudm^a, 57^ 477 

Tihmi:, 141: ftdipMc, 145: l-fft-ISOi 

cisitilA^, 122:. 146. ISQ; 

l+l, I41j 52L: codocrE&r, 143; rpithrUal. 
141* 142^ EEECfac, 4T7, 480: fibrillar* 
145; fluid, I4l; ^'c^latirniiiJi, 143: glamlu^ 
Ur. 143; Emutir* l4t* 153-154; nenw, 
141. 154; nAiDckcnil^ 144; rctioMUr* 
1+4, 145; luppoTtin^, HI, 14^152^ ton* 
tUljtr* 304 

Tond^ 3i. 42, 765; dlip!itfVE ^ttEin, 273. 
279, 290. 303, 3&?^ bomE-d, 50, 

m. 253* 234, 374; rntcgumriit. |97, 237; 
rcprDdiictivr ♦yrtrtn. +51* +56. +63; m- 
{Enitori- 403, +06* CD7* 420, +22^ 

fpodefopt. 42 
ToadMi. 398, 399, 4DL 
T«. 629 
Tbturt., 468 
TsutypMuui^ TL 
Tame, 165 

Tpppaii. 273* 376. 279* >SflL28i, 301, 734, 
735; cydoilauiE. 280: dpjsiiiii ivl^ 2H2; 
itlmduUr, 281; biuDjui. 282, tm, 2»6; 
primw, 280. 231; protruAihlE. 282; im-- 
rni^mry, 28 L, 2S5: wpvdpcckct* 283, 28J 
Tonqiia-tiisl. 

ToniJK 504; iplfftillil, 3114| lin^lml^ 2ft2* 
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Sj2 

283, 3D4j pakTiw, ITT. 281, SO,, iW; 

piLaj-)TigriiI, 304 

Tomac, 644 
Touli, 114 

Toothy 223> 287-301, S'OS: alta^hmtut fll, 
Wi cfinirt^, 187, cflritt of* 3UQ; 

DUAAWiil, 236. 396; chfek, 295 j Hdnir^ 
KWj crtrwQ of, 287, 2B9: dittini; 
tpf, 2fl9* 290, 2^2 j «f rydottcHnci, 20^^ 
290; decay of, liOO; dmJcipinclit of, 380, 
diffiJTiitiiiiloo of^ 3^4, J9S; 

JtSOj ifruptimi ut, 239, 290^ 392; hiztg;i^ 
393^ borpfy. 209* mltk, 290; malar, 290 j 
mDTcmrnT fif, 294; ncii of, 28'; tiillfibcf 
nf, 290 p pe^ROinriit, 290i rool of, 2B7^ 
289; tituAiioii of^ 292 i iiirudurt of, 287; 
Rii^ccfikin of, 291; tftnil of, 300; triiu- 
bttouiiir, 298^ uniisiml^ 299; wiiiloai, 293 
Tori, 25H 
Toiturui, 18 

31, 443, 453, 663, 723. 727. 77( 
Torti-mr^ 43, 476 
Ti:sutaii, 247 

Toucli, 199, 375, 692, 717* 719, 7Gn 
Towta, 399, 401 

T otSti 187 
Trabtf lilacs, 536. 

Tratiira, 401,403, 403, im, 113. 4H, 
423,611, 735 

TncbEmi'^ 200 

iVncbral. rjLrtllai(ri. 404. 421. 434, 571, 

S72; rinm. 404, <24, *25; tuhrt, 5Sli 
Tnurt, 676. 683; atccniliivH vtiHry, 689, 
690, »Mod4Ucfii. 690, 693; fif KimlHG:!), 
639 i conifio-ipiEKol, 692, 693, 694, 69B, 
709, 711. 7 18, 725, TZl, 722; idiitccDciing 
lantar, 690^ 692; uf Gall, 689; tilTiucian^ 
705. 712, 713, 736? fifidr, 70$, 738, 739, 
743; tTfTdfTiidiLi 69D. 693, 695, TT3. 725, 
722 ; ^^iiMtftbellAr* 6M. 60U 692, 695, 
7t®. 715, 720, 711; tpiiiDthalamic, 690* 
m, 692. 699, 71% n% 720 
ISft 

7*, 253, 334 

'Vragij.1, 789 

TrAmuniitcr, ntntdrr. ftlO ; •mtoiy, 670 
Ttanni^datinr, 567. 376. 578. 585* 600 

TTttnirvrtiCH pliinr, 9; wpEtiiii^ 177 
Truprjriuin. 6^ 

Traiie^id^ 629 
Tfcf threw* 62, 63. 66 
Trcma', 38 
TjULUflL.4Y, 602 
Triwic* im 
1 46, 211 

Trichfchmi^ 78. 313^ 534, 548 
TrirKilrtTk. 206 
TnrkiijKLitr, 3B0 


Trifcaa^erpf* 298 
'I rli^milaf, 460 

Tfiliiii. ] I3 

Tnmqyij 290 
Trifiueijimi, 628, 632 

Triton, 41. 42, 281, 3S6, 43ft. 463. 471, 475 

Trltiil^tiiliLr^ 290 
Tnlhra/. 475 
Xi'Eifibcbkii^ 174, 175 
Ttfpui, as 

Trunori iitetiitiHi, 335 
Tnmk, I'lepkEuii^ip 76^ 274. 776^ of bemi- 
cJiLipidalr, 17 

Tiypiiu, 321. 322, 323, 327 

T¥y|Hicoj5T=tt, 322 
Tuatsia^ 48 

Tybtf* di^efiKxv 6* 12. 1G6, 263, 268, 522; 
cbfkKiardiil* 152. 858; Eiutocliian^ 503. 
397, J9l. 794; FilkpJau, *57* 471, 
*79j 403, 407; tticdiiitarv —btc tuhe. 
ntuni, mruxm^, 163* 172. 848* 522, 674, 
675: tfAcbral, 305 
Tubfi ernmeum. 711, TlJ 
Tubcrrls!* pnStal, 4«9* 490; of ra^, 522, 543, 
646 

Tubertulmiii 187 

Tubctciifiijn Impofp 285, M6 

Tubule, mllcctb^ 433, 434, 485: r<mncci- 
iiig, *33. 435; tdmoluied, m, 434, 435; 
fi|iicls£t\-mal, 169! liictonirphtie, 466; 
pmfkrphric, 441 : lemmETrn^ui. 417* 4,18 
Ttibuli, cnntoiil, *57, 4S«, 469; lenli, *57^ 
458, 469 

TubulidriilAta^ 62, II, 72 
Tumor, iB5 
TmnEinj 114 

Tunk, la* 208 

TunjcA, 544, 345; libuffmni, 

457^ 463; rihn™^ of evt!* 807, 809: 
ibrtfltt, iii Jddnp^, 431; iniimti, 344; 
roediji, 1*1; viii^WUi, 457. 459; ViiK do», 
of c^T, flO&j 809: v^uculoaa^ i>f leitli, 437 
Tuidciin* 19, 2tl8* 273, 499;i:oiii;iOund, 

Tyiikmp 288 

249 

1 urbiiul, 403* 569* 578 
T URCEKitfF^ 702 

Tuiiey, 57, 2li», 243^ Jij 
Timip. 4:i, 4», 49. 54ft; l^mk, 2«; Unddfr, 
269, 438; cirpulalorj iv-itnui, 334, S74. 

dii[ct!ve i>iiTPHi, 283, 2J6, 332, 300, 305, 
3J2; ftipiipf, ri|)iuiliirtTvr ♦^fitPiii, 

451, 452, +3«, 461, 463, 475, 476, 430; 
rciplfillDiy nyttcni, 386, 403, 408, +I4s 
ihrll, 196= iknU, 567, 573; \rilpbial 
■:aluimi, 525. 533, 536, 559 


TLErdi^“d(T¥CT +20 
Tuii, 237, 195 
T^ai«* Mark, tS8> 2fe0 
TympniiL:, SftS, 5T3, 1*7^^ 379^ 596j 

cw^ity , 192, 793. 73^79S 
Tyiupanolirui* 

Ti-miHinurrip 751 
Tvadall, bhic^ 2+B 
T\pc iiudy, *S 
TiphifMtilE* 2Jfi7. im, 312 
T-.pbQid, 187. 332 

Udilrr. 223 
Ucbt^f^n^rt^n, 503 
Uljiii. W7, HIT, €2fl, K!2 

Utnarc, fi2T, fi2ft 

UltirnDbniJicbwt, sw, 302, 503* m 
I rTnhfamI ntn, 

y I nr ifruTTi^ i4!? *V, 

Uncqui^ growth, 162 
Ungiih. J3T, 23& 

Un^ya, 72 

UngnUln, 72-7S* §2* 238. 254. 477, 33D. 
730 

LJii^iJIipo^dr, It03. 637 
L'jBiJiiLf, 438 

UTTltr, iU, 434. 436, 437, J35, iJ8. li?, 
Ifil* 168, 4€9* 476. 47E, 47^, 4H1. 
LTrthni, <M, 4^7. 416^ 4^^". 4^^' 

175, 480. m, m, 1EH> 

Ufiii4r>'« Madilcrj 365* 27fJ( 434, 4i%7-439, 
ir>7. 46ii, 4Tfi, l?i* 481, 490, imiL^, 432. 
m ; vriidc, 448 
t*riiHf.42ap 134* 415,436. 506 
Vrivlurdata-p 17, lS-23 
L-tod^-Lup 30» 40, #1, iZ 

randal ttbs. 545. drculatoF> ir^ 
tetii, 365, ^66, 367, 379: dijt^w 
Joii, 231, 2!43. 3^11; gtrnaii, 456. b™l 
tkiiU. 550. tr«±ca. 403 
LTfo^cnUiil, cfliuJ* +37; upemnf, 183; 

■iniit, 466, 4iC, 473, 

UroitvSt, 532 
r/fiyj* 6J, 65 

L'tcriur cfwiR* 479| 48 L, 483 
CiTRiVb^nAl taniil, 193 
Uirrtu, 437. m. 471. HI, 479, 483, 487* 
450, 495. bkoniii, 484 , bl^uJiiiui, 4^^ 
diii;i!rK^ 184' iimiilfKp 4S4 
Uinculiu, 734, 7a6| TBl, 752, 755, 796. 795 
LViiij^ m 

Vqn:bii:i lOS 
VftEuolE, CantlracrtiJt^ 428 
VsMtna^ 437. 468, +71. 473. 47?, 478. +80, 
481, 483, 487, 498 dotihlr, 4T9, hhucu^ 
lmi4 457, 468. 467, m 
Vjif^al Wind «a£* 4^ 


§73 

Valw, anal, 32S; aiirlcKkK"vniitripii.l»r, IfiOj 
bicuipid, i6U. 961; bntncJilniRSfll, 119; 
Alidilrriaii, 316^ labial, IIS. mondibniar, 
916: luajtilUiy, 4lS; aiimil, 360; noimJ, 
416i pylone, 306; rrtpiratoiy, 119; wini- 
lunu, 399, 356. 960, »t; vnu-auricular, 
561; ipiral, 286; trkn^d, 380, 381; ai 

345 

VampUr bii, 107, 109 
VRUt, m 
FffTiniuip 50, 579 

Vja, d-efi'mij —xc ductui dcfeffai; 

cnt —pc» du^^EillP' tdi-rmi 
Vam- viuuMrTim* 577 
Vci^Eaf peile, 158, 383* 168 
VfiVi, 141, 344, 1-45* :iti&-377; iiiircm>tiiirh 
bar> 378; aJlwitDk:, 549* Sal; nnttriai 
carijinal, 368^ 370^ IT 1* "57 2 * azy^w.. 575j 
370. 5771 y bStds, ITS; brA^hAnpliatk.* 
3Tfl, 577; cjidiar^ 373. cardinal, ^3* 
M3: Miidai,35i* 3T1,.37I. 175, 37fi, 
3 lZ 1, 527: cpCT^ViW'Wrirnitrir, 875. ct*ni- 
ipou catiiindLi 351, 8&1, 855* 368, 370, 
S71, 177; coronary, 876; cutojiroMi. 371* 
374 :. ^ elniniQ. 

biaMtbi, 371: cpipoitdc, 375: JpmorMl, 
373* 5"4, 375; nf fra?, 171; licmLw^^ini^ 
375* ITS; lirpallc, 3J7, 342* 111, 1^5* 

MU. i>L\ 371* 372* 373, JTS, 318; bipjtr 
ppriiii, 317* 142, HI, ^7!, 171, 3<a. 
3Tfi, iUjti. 371, 372, 371, 374* 375, 1J6: 
iliDjiLbdkir, 378: tiii/'rcjwctai* 374* 37a; in- 
ffrlobar, |35; jq^djr* 351, '172, 373, 574-| 
SiTJ, ItG, 5411 manujolLan* 176. wnplia- 
InmnciitcriCj 3Sl; orbilal* 874; po tnfd* 
3f.5; larlvic* 171; pofttzaudiniil^ 26', 311. 
369* 310, 371* 57?* 3T3* ITfi? pM^^:avd, 
155* Ifii. 371, :i74, 375* 376* 171; iirifcavy. 
lit, 574* Slip lifi; iPnlmoniUfy,. 143. 

3A5p 357, 3fib 113, 4M: rciud* 175* 17fi. 
431* 434; rmd pfiTtal^ 343* 371* 372, 371, 
174* 375; ul repiOri, 315; icutic* 373, 
374; fwbcBzdinal, 371* 572; tfnbclavwn, 
310,571, 572, 373. ITa. m; iuWfftiaiJfitiJ, 
387, 351, MU, 370* 371: uteibiljrei* 349 
o4 wntdelw, 373: vftlva Ln* 345; ventral 
aljduzclEiriL 37l.p ll^Si 3*3., iTlk; v^itirbral. 
874, 375; vitcUimii 173. 5^, 34^. 35#. 
35J, 364. .470. in 

VtfJiiTR, mlrtpiMfctutii, lUl* 707* 788. 711. 
731. 72S; tticdullnrt, 7(Ei* 710; rcfpirattrryp 
117; tmrrtvtmjnp 587* 704* 723i. 725 
VcKrt, Mmtlcri Ip. 23S 
Vena cava 313, 361, 471^ 471 
VtBtnsl, 7* 8 ^ 

Vrntririt. flf brain, 674* T<K* 706* 707; 
fifth* 714: fourth* iflS, 7W. T«, 710, 
736: nl brAHp 354. 355. 337, 363: 


Iiidcj: 


tAtrrai. m, 706. 7U, 712, 727, 729: kft, 
a5«, 339. ^dl J eapiii:, 723; xij^, 35^, 
361^ third* 705, ItlT, 7U, 72ia 

V'cntijcMliiv lar)-ngijl^ 

Vcjnik, 341 

Vcrariform Bnprnduc, 269, 313 
VtqrraH (if crT^brlluni^ 70ft, 7n9i 730 
Vrrtrbia, 17S, 522-S39: dttii^ihirocIntH, 

530, S315 batl-and-wkftp 525: ciii^da]^ 

Mft. S3U Sg2, S33, 554, 537, 

539: trrvicfiJ. 530, 51J. 532, 333, m, 
533* 536, 537 s diUHtruiitiafi of, SaO; dt- 
vt^lntmaat of, S26; rpitihrin. 529; 

hftf fOCOrltiLUl, 530 r intirrir ^ priFfT^a [ pij* 

(itifth, 526; lumbar, 531, 5S3, 536. 537: 
opisthtiCoFli/uji, 530 f prortidmik, 530; 
prominriu, 536, 337; aa^^ral, 531,632. 533, 
^*SS, 53T; nddlr^jEmat^ 55fl; thorar^, 623 

531, 533, m, 537, 539, trunk, 532, 53fi 
Vi-rirrLral part of 5+7 

V**rtthfata ^Vwtfbratra)^ 9, 17, 25-&0 
Vftita, bir-arniJ, IS7* 430 j duplc^^ 447 
418: doiplra, 437, 45B 
VrJride, optu:, \m, otk^ TliS, nF Sarf, 
769i 771: iemkiiil, 457^ 469^ I7i*, 481, 
unnArr, 446 

Vfvlibuk, dF fCDitnliii, ^79, 4Bf>; of JunsJ, 
JOft: of mmith, 275; of omf. 775 
Vibri«ac, 250, 76D 
2&H, 3H 

l>A. VtKCI; 646 

^*ipffii^ lOU 

57, H28 

Vbccntl bin id, 703 
Viiidti^ binoculoi, 82fi, 630 
Vlnial^ luu, iK; cnitrr, 716* 717; purpk, 
815; Sl3 

%'itaiiiim. 309, 814 

V^ifflliilr, dmautloq^ 349, J50; tTtrmbranc 
159. 435 

Vitmui^ m»T, ||8 
Vififftm, 61, aia 
V^lviparout, 472 

Vivihcctuin^ 109 

VorjJ, varii^ 103, 422, ^74, 4!^; lai;, 422 
Voter. ap^iamlLii, 42D-426. boji* IMH. 424 

Its 

5S3, 5€», 577. SSO, 3«i, m 
Vornir, 62 

WwlioM, Ittlr, 2S1, 252 
Vuliuff, 56 


V^'aj4-s, 815 

Halna?^ 65, 6S. 267, 21>9, 430, 470, 492 

V^\j_Ticflp 106 

WiTTTi-blcin^dFdnrsft, 331 

Warr hog, 73, 599 

iV'atfT, 262^ jilTj Ofll, 509; mocesiaiEi^ 51 

Wcaponi^ J 14 

Wraii:!, 65* 253, 318 

VViATHiE^FDirp, 206. +49. 457, 676. 795 

We[DEH]u:u;h^ E22 

WEnuAiiN, 454 

WJ-iuIf, 56h Ift-ftO; hrviii] drr, 702; bttc^-^ 
ftimr, lOB, 199, 222 h 224, 242, 249* 254. 
tr%pimuny mtem, 4G4, 405, +2fJ* 424; 
ikclrtdii* 518, 514, 547. 631, iiHibrd— 

Bcr odofituerri 
WliaSt-bonc. 312 
Wbartott'i diio, 27«, 27B, 279 

Wheri fpri^HB. 22 

Whip-pour-wEli, 57. 2+6 

Whirlpool^ divrrgrnc. 252; ttf lifr, 281 

WhitF nmitcr. 806. eS3 

Wliitellib, 290 

Whifidff, 307 

WniTMAhi. 702 

Whdri, 2 j9 

30n. 5CK>* 666 

WuojE^ IS5 

W^Eft, IIB^ 350,552, 651 
Windplpr—sec trai'hra 
Winf, u| h*l. 6M, tif bird. &J8, 630; df 
ptrrudiictyi. G30; of iphi-nold., Srfl, 591 
Wldibont. 622 

Wolf^ftl, 65. +20'TaMomiiian. €1 

WcKiibai, 61, 4?7 

Wwdfliurkp 66; mamipiaJ, 6I 

Woodpeekrr, 57* 96, 238. 285, m 

WoonfiirrT, 21^3* 431, 47 L 671 

We»|, 252, 2S3 

Wo™, 286 

With. 5J 

WiiicuT, 359 

WnnWei.^ Ml 

62«. «S2, (M; bone*, 627. friB, Kfl, 
(32.6S3.6M 

X-(r|)JimHUdinc, 138. 159^ 4Sft 
Xwmaprnt, +i^ 337. 2B2, 586, 097, 610. 612 
Xiphliirriiutiit 549, 5I0 
Xiphoid, 551, SS3 
310^ 


W^i-caTT* 98 
Waloevmr^ 204 
Waibhb, 61 
VVAi.r.^in, 92, ^5 
W^i_i_Ea, 889 
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